(NASA=CR-137799)
THAN AIR TECHNOLOGY

Bad :5-0¢

AN ASSESSMENT OF LIGHTER

(Massachusetts Inst. cf Tech.) 84 p HC

Final Report
cscl O 1

AN ASSESSMENT

LIGHTER THAN AIR
 TECHNOLOGY

g Joseph F. Vittek, Jr.

| —

 FLIGHT TRANSPORTATION LABOBATORY

fa
S

o W PSS VIO SN
P ACE Rl B AIRSHT SN ¥ SRR ke MEEF Ew T

B N e

f;z::::.....

o
.

S e

T ETT

i i, 8 o U 5 1 8 o Y SR

N76-15C14

Unclas
V7859

R G3/01




AN ASSESSMENT
OF LIGHTER THAN AIR
TECHNOLOGY

FINAL REPORT OF THE
INTERAGENCY WORKSHOP ON
LIGHTER THAN AIR VEHICLES

M.I.T. FLIGHT TRANSPORTATION LABORATORY

FTL REPORT R75-1
June, 1975

Edited by
Joseph F. Vittek. Jr.




va e s ——

This report was prepared under joint NASA:
tNavy DOT/FAA Grant No N5G-2024 Theviews
expressed herein are not necessarnty the ofticial
opimions of the sponsorning agencies The Sys-
tems Study Diviston NASA Ames Research
Center. Naval At Development Center. US
Navy Oftfice of Aviation Pulicy, FAA and Ottice
of the Assistant Secretary tar Systems Develop
ment and Technoiogy DOT

Poatiang b this roport may be quoted withegt

permasaaor when credited,

FLIGHT TRANSPORTATION LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, MASSACHUSETTS 02139

-

e




TRy wa

S

G B R

CHAIRMAN’S MESSAGE

On behalf of the sponsoring agencies, NASA, Navy,
DOT and FAA, | extend our thanks to all those who
contributed to a successfu!l LTA Workshop at Mon-
terey, Califorria, in September, 1974. Well beyond our
expectations, the magnitude and breadth of represen-
tation was gratifying. Our purpose for sponscring the
workshop was to provide a timely forum for the exposi-
tion and discussion of current views, ideas, and activi-
ties on all aspects of LTA. With no intent to develop an
advocacy position, either for or against LTA, we
wanted to objectively survey those facts and specula-
tions which abound amid the recent revival of interest.
This we accomplished, and more. Through the con-
fluence of opinions, prejudices, and ideas., often
diverse but always in the spint of camaraderie, this
intense week focusing on LTA established a watershed
from which future activities will flow. And, indeed,
much work fies ahead. If the full potential of LTA 1s to
be realized. 1t will require the collective efforts of in-
dustry. government and the universities. To assist in
this effort. the Workshop Report and Proceedings pro-
vide an extansion of a memorable week in Monterey

Alfred C Mascy
General Chairman
NASA Armes Research Centet
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INTRODUCTION

Over the past few years, there has been a tremen-
dous revival of interest in airships. This seems to occur
about every ten years, but what has surprised many is
the duration and magnitude of the current wave of
enthusiasm. In the early 70s, several articles were pub-
lished emphasizing the airship's low noise and poliu-
tion and its potential for utilizing relatively undevel-
oped and inexpensive landing sites. Because aircraft
noise and airport expansion were major issues at the
time, many environmentalists added their support to
the usual cadre of ex-airshipmen and aviation enthu-

- 3ts advocating airship revival. The energy crisis and
the airship’'s fuel efficiency gave additional impetus to
the movement, attracting more conservative elements
of industry and goverrment.

Simultaneous with renewed interest in the United
States, several design projects were started in Eng-
land, France, Germany and Canada, sponsored by
such reputable firms as Sheli International. A German
firm has built several small airships recently and a
Canadian airship will be flown within the year. A
British group has flown a small recreational vehicle.
Even the Soviet oress announced design studies in
progress in the USSR.

Add to these conditions a number of both vocal and
articulate advocates and what might have been another
brief period of popular interest has become a major
topic of discussion. As a result, the United States Gov-
ernment is re-examining airships. The Senate Commit-
tee on Aeronautical and Space Sciences heard several
LTA presentations during its hearings on Advanced
Aeronautical Concepts The Naval Air Development
Center at Warminsier. Pennsylivania, has begun an n-
house study of current technology that could be
applied tn lighter than air. The National Aeronautics
and Space Administration’'s Ames Research Center
recently awarded two study contracts to analyze LTA
concepts

b i e s
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- ' To focus these activittes. NASA. the Navy. the . /
United States Department of Transportation and the

H Federal Aviation Administration sponsored a one-week

/ workshop on lighter than 2ir. This program. organized
! and directed by the MIT Flight Transportation Labora-
1 ¢ tory. is documented in this report and FTL Report 75-2.
Procopdrgs of e interagency Workshon on Lighier Than

A Vepoies
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e The Workshop Concept .‘ ‘

Workshops have been used for many years to bring
together a group of peopie knowledgeable on a par-
ticular subject for an intensive per:od of discussion
and interchange of ideas During the first part of the
workshop. formal presentations are made to the par-
ticipants. As many representatives of different per-
spectives and viewpoints as can practically be ex-
pressed are invited to participate.

During the latter part of the workshop. the partici-
panis form working groups to discuss and synthesize
the presentations and add their own views and ex-
perience. They are 2xpected to generate written reports
documenting their discussions and conclusions. It 1s
* this output process that differentiates a workshop from
the more typical technical conference.

These written group reports are then combined and
edited by the workshop director and distributed to all
participants for comment and review. The material 1s
then revised to reflect participant feedback. The final
report represents the consensus of the probiems and
1ssues raised at the workshop.

An important element of any workshop is the human
chemistry that takes place during the program. After
soveral days. the participants begin to shed their insti-
tutional personalities and react with the other partici-
pants on a more individual basis. Organizational bar-
niers are lessened and eventually the person across the
tahte 1s no longer a potentiat adversary from ancther
COMPany (914 agOHCy

To aid this interacthion. a remote but attractive site 1s
shosen Participants are isolated from the day-to-day
pressures of their otfices and normal way of hfe so they
ran concentrate on the specific problem at hand

The bnnging together of pecple with ditferent and
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often conflicting interests and opinions in a manner ; ’ /
. that allows fuller, freer interchange may be the most {
/ important. though least tangible, accomplishment of a !
workshop. Most participants leave with a better under- ‘
standing of the issues and a better perspective of the !
overall problems. The effects of this information _ -
exchange may not be felt for two or three years. When ‘
they are felt. people will probably no longer connect
U them with the workshop. But in the long run, the
impact of a workshop may have far-reaching effects.

e |

The Workshop on
Lighter Than Air Vehicles

b

This workshop followed the established pattern. 1t
was held September 9-13, 1974, at the Naval Postgrad- 4
uate School in Monterey, California. {in large part, its :
success was due to the interest and support of the
school's staff, particularly Ruth Guthrey, Professor
Donald (Red) Layton and his assistant, Michael Odell.)
Over 230 participants attended all or part of the pro-
gram. They came from universities, government agen-
c'ec and the military, manufacturers, airiines and con-
sulting firms. They included career civii servants, plan-
ners. lawyers, engineers, economists, marketing men,
ex-airshipmen, etc. Many came at personal expense

z because of deep personal interest.
: During the first three days. over fifty fcrmal papers
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were presented. The working sessions filled the last
two days. Sescions were scheduled from 8 in the morn-
. ing until 10 at night and attendance remained high
} throughout the program. In fact. the workshop's suc-
cess was due to the outstanding enthusiasm of all who
participated.
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HISTORY AND
BACKGROUND

——

The concept of buoyant flight was first suggested in
1250 when Roger Bacon conceived of a hoilow globe
fille, with “aetherial air” or “liquid fire” which would
float n the atmosphere like a boat on water. However,
ne neglected either to define these mystical sub-
stances Or to say how they might be obtained.

Five hu 1dred years later, the concept was to become
areality. I the interim. other buoyant flight theories
were proposed. but all suftered from an inability to ob-
tain a lifting gas that was lighter than air. Then two
different appinaches were successfully tried within a
very short tim» of each other.

Early Flight

in 1782. the Mcntgolfier brothers captured smoke in
a bag which then rose into the air. Soon they were fly-
ing large silk and paper constructions and in Novem-
per. 1783, Jean-Francois Pilatre de Rozier and Marquis
d'Arlandes stayed aloft for 23 minutes in a large Mont-
golfier bag. becoming the first men to fly. (M. de
Rozier and Pierre Romain hold the dubious distinction
of being the first recorded aviation casualties when
therr combined hot-air hydrogen bailoon caught fire
and crashed durning «n attempt to €ross the Enghsh
Channel 1in 1785 Stortly thereafter. in December.
1783 Professor J A C “harles made the first marined
ascent in a hydrogen ba'loon. Drifting over Pans and
the surrounding countryside for over two hours. he
proved that extended fiight was possib'e.

These early flights were tu'l ot adventure and excite-
ment. but ba'loons would not have many practical
applications until control and propulsion systems were
available to make them steerable against the vand.
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; {Tne French woid for steerable—"dirigible”—has be-
‘ come the generic terr for all types of steerable lighter
'f. than air vehicles ) Many schemes were tried: gauze
! covered oars. hot air jets, even rockets were proposed.
? In 1852. Henri Giffard achieved limited success by ll
; : driving a propeller with a three-horsepower steam ;
= i engine of his own design. In 1884, Renard and Krebs ]
R : used electric power to reach about 15 miles per hour. ,‘
These airships were not particularly useful, however,
= hecause the weight of the power plants drastically E
limited payloads. It was not until lightweight gasoline :
engines became available in the 1830s that the basic ]
development of the airship was completed. i
3
§'
Zeppelin and His Airships

Although the French pioneered airships. the Ger-
mans made them practical. As early as 1874, Count
| tGrafy Ferdinand von Zeppelin was planning a series of
large mulitary airships. The Count had been told of the ;
potential for airborne reconnatssance while @ military i
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observer in the United States during the Civil War. The
North used manned tethered observation balloons for
several years and its victory at Fair Qaks in 1862 has
been ascribed to information telegraphed down from a
balloon during the battle. Zeppelin was also familiar
with the Austrians’ attempts to float explosive-laden
balloons into Venice during the siege of 1849 and with
the use of balloons to carry passengers and mail out of
Paris while it was under seige in 1870-1871.

The Count realized that airships had to be big to be
successful. And to be big, they had to be rigid. His
basic design, completed in 1894, was for an airship
over 400 feet long. Longitudinal girders were connect-
ed to circular frames which were then cross-braced
with wire to achieve structural stiffness. Gas cells were
installed between the circular frames and the entire
structure was covered with fabric. With few exceptions
ail large rig-1 airships have followed Zeppelin's basic
design.

Zeppelin's first airships were developed with the
Count’s own funds and public stock offerings. But
twice the tirm had to be saved from bankruptcy by
lotteries sponsored by the King of Wurtemberg who
was impressed by Zeppelin's early ftights. It was not
until the military became interested and provided ade-
quate funds that development proceeded rapidly.

From the Hight of the first Zeppelin in 1900 to the
Conni's death in 1917, the firm produced over 100 air-
ships. Although most were military. several were
placed in commercial service DELAG. the airline
tounded by Zeppelin in 1909. carried over 34,000 sight-
seers and passengers before the outbreak of the war.
Not many by today's standards. but more than U.S.
airliners carried untit 1929,

Airships at War

Wartime Zeppe!ins were used for scouting and ob-
servation. But they also flew more than 50 bombing
mmissions over England. Although approximately 560
British were killed directly by Zeppelin action. many
more were killed «nd injured by falling anti-aircraft
shells and airplane crashes as the defenders tried to
drive oft the airships The resources committed to
defense were many times greater than the Gerrmans’ in-

6
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vestment in the raiders. tying up funds. equipment and
manpower the English would have liked to deploy else-
where.

As aircraft ang anti-aircraft equipment improved. the
Zeppelins were forced to fly higher and higher. Later
versions could operate at ove' 20.000 feet with a seven
and one-half ton payload. a remarkable accomplish-
ment because airchips are basically low altitude craft.
But ultimately. improved airplanes and the use of
incendiary bullets forced the hyrdogen filled Zeppelins
out of British skies and ended their use as offensive
weapons.

Although England built several nigtd airships during
the war. the designs were always several years behind
Germany. and not as successtul. The British (and
French) major successes were in the development of
non-nigid awrships (bhmps) for coastal patrol and
scouting missions. The itahans developed the semi
ngid airships (@ bhmp with a keeh for similar apphica-
tions and for bombing. All of these craft were consid-
erably smaller than the Zeppehns, with sorrespond-
ngly smaller paylnads and less endurance. However,
they were less expensive and were byt in qudartty
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The Golden Age—The Period
Between the Wars

After the war, the Zeppelin Company built two pas-
senger airships and reinstituted service within Ger-
many. This was soon stopped by the Allies, however,
and these two craft as well as the few remaining war-
time Zeppelins were transferred to several of the Allied
nations. (Many airships had been destroyed by their
crews). This would probably have been the end of the
Zeppelin story. but the United States, which had not
received any of the existing airships, ordered a new 1ir-
ship from the Zeppelin Works cfter much negotiation
with the other Ailies and Germans alike. The Los
Aageles, as this airship was known in the United
States. kept the firm in business until the restrictions
on Zeppelin construction were lifted.

In 1925, the Zeppelin Co. was allowed to build
Zeppelins again and immediately started the design
and construction of perhaps the most successful air-
ship of alt. the Graf Zeppelin. Named in honor of the
Count. it was christened by his daughter o the 90th

|
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anniversary of his birth. This airship made 590 flights,
flew over 1 million miles and spent over 17,000 hours in
the air. As well as operating in regular servi. .G South
America, the airship made many special flights
inctuding the only around-the-world voyage by airship.
Grounded after the Hindenburg disaster, the Grat
(along with the Hindenburg's sister ship, the Graf
Zeppelin Il) was finally scrapped in 1940—twelve years
after she entered service.

Most of the Allied nations lost interest in rigid air-
ships after a series of disasters. Many of the Zeppelins
transierred to them at the end of the war met violent
ends as did rigids built by the Allies as copies of war-
time Zeppelin designs. (In most cases, the losses wers
due to inexperience.) The United Kingdom an the
United States were the onl,; nations other thar Gei-
many to retain an interest in large rigic airships.

At the end of the war, the British had several rigid
airships under construction. The most successful of
these. based on a Zeppelir forced down in England in
1916, were the R33 and R34. The latter was the first air-
craft to cross the Atlantic east to west and the first air-
ship to make the west to east crossing. Both were first
flown in 1919. The R34 was damaged in 1921 due to an
operational error and never re-entered service. The R33
remained in intermittent use (as government policy
toward airships fluctuated) until the end of 1926,
making her the longest-lived British rigid.

The R38. started in 1918, was a bold extrapolation
from Zeppelin designs. When completed in 1921 she
was the largest airship in the world (699 feet long, with
a 2.7 million-cubic-foot capacity). The airship was
scheduled for sale to the United States but 17 of her
American crew were killed along with 27 others when
the R38 broke up during turning trials on her fourth
flight. The changes had been too bold.

After the R38 disaster, British enthusiasm for air-
ships waned for several years. Then in 1924 the British
Rigid Airship Program wa:s announced. Two large air-
ships were to be constructed to provide air service to
the far flung British Empire. The R100 was to be de-
signed and built by the Airship Guarantee Company, 2
private tirm. The R101 was to be developed in parallel
by the government at the Royal Airship Works. Both
had twice the gas capacity o the Grat Zeppelin, al-
though they were designed two years before the Ger-

9
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Man v wt. Meither flew until 1929, two years late and
one vy-:ar after the Grat.

The R101, as a government project, had political as
well as technical problems. There was pressure to in-
corporate ideas which couid provide substantial tech-
nological advances. if successful, but which had never
been tried before. When completed, the R101 was too
neavy and another bay had to be instalied for additional
lift. The engines were overweight and under-powered.
in October. 1930, after a single 17-hour test flight of the
new configuration, the R101 began its maiden voyage
to India. It crashed and burned a few hours latr: in
France. killing all but six aboard.

The R100 followed a more traditional design anc  ad
tewer problems. It had a top speed of 81 mph and -
passed most performance specifications it complew d
its dernonstration tiight to Canada and back during the
summer of 1830 and would probably have been a suc-
cessful airship. but the deepening depression and the
R101 crash spelled the end of offrcial British interest in
airships.
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Airships in the United States

The first successful American airship did not fly until
1904 when Thomas Baldwin built and flew his Cali-
fornia Arrow, based on a Santos-Dumont design. Bald-
win's almost identical Signal Corps #1 became the first
United States military airship in 1908. But serious
interest did not arise until 1916 when the success of
the British non-rigid patrol airships encouraged the
Navy to develop a similar vehicle. Several types were
built and flown on coastal patrols ofi the United States.
The Navy also operated British and French airships in
Europe during 1918.

American interest in rigid airships was at its peak be-
tween the weis. In 1919, the Navy approved construc-
tion of the Shenandoah, based on a captured Zeppelin,
and the purchase of the R38 from Britain. The loss of
the R38 during its trials delayed the construction of the
Shenandoah which did not fly untit 1923. She led a suc-
cessful career for almost two years until she broke up
while encountering a line squall in Ohio in 1925. For-
tunately, she was filled with helium, as were all U.S.
rigids, limiting the ioss of life.

Smiuthsoman Institetion photo WA4799A
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The structural failure could be blamed on two fac-
tors. First. the Zeppelin used for the Shenandoah’s
basic design was a “height climber”. not designed for
low altitudes or rough weather. Second. and perhaps
more important. the severity of the turbulence was
much greater than meteorological knowledge of the
day could predict, stressing the ship far beyond her

' design limits.

The loss of the Shenandoah left the United States
with the Los Angeles as its only airship. Purchased
from the Germans in 1924, this ship led a long and suc-
cessful career. 1 was flown for 8 years. making 331
flights of more than 5.000 hours total tlying time. It
was used 8 more years for ground and mooring tests
until finally it was dismantled in 1940. Unfortunately,
its success was overshadowed by the tragedies that
followed.

in 1926, Congress authorized the Navy to build two
rigid airships of 6.500.000 cubic feet—the largest ever.
i There was a competition and 37 designs were submit-
. ted. The award was made to Goodyear in 1928 and con-

struction on the Akron. the first of the two sister ships.
began in 1929 after a specia! 1.175-foot hangar was
constructed.
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In addition to their size, the two airships had another
unique feature—an onboard hangar for tive airplanes
and the equipment to launch and retrieve them. Al-
though experiments with launching and retrieving air-
planes from airships had been carried on earlier in Eng-
tand and in the U.S.. the Akron and Macon were the
oniy aitships ever designed as aircratt carriers.

During her 18 months in service, the Akron and its
aircratt took part in several fleet maneuvers. But the
Akron's success as a scout was limited by lack of ex-
perience on how to use the airship and its airplanes in
the most effective, complementary fashion. These
techiniques were later developed with the Macon which
was just beginning to prove its potential when it was
lost.

In April, 1933. the Akron left Lakehurst, New Jersey,
on its last flight. In attempting to avoid a storm area,
the airship was inadvertently taken into its center. After
several violent up- and downdrafts were encountered
and survived, the ship was rapidly drawn downward, its
tail struck the ocean and the entire ship broke up. The
court of inquiry did not find fault with the airship.
Rather. the loss was attributed to the inexperience of
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the captain, iasufficient weather information, and
perhaps the failure tc correct the pressure-aitimeter for
the low pressure in the storm center. In all probability,
the Akron had been at only 1000 ‘eet rather than the
16J0 indicated, giving a false serise of security. Only
three of those on board were rescued.

The loss of the ship was a severe blow to the Navy's
rigid airship program. Admiral William A. Moffett,
Chietf of the Bureau of Aeronautics and staunch sup-
porter of the rigid airship program, was on board and
lost with the ship, as were mnany of the Navy's best air-
shipmen. If the Akron's sistership, the Macon, had not
been ready to fly within weeks, the entire program
might have ended.

Less than three weeks after the Akron's loss, the
Macon made its maiden flight. After initial trials and
acceptance flights, the Macon was ultimately flown to
Sunnyvale, California, which was to be its home base,
and began operations with the Pacific fleet. The Macon
was flown east again in 1934 to participate in fleet
maneuvers. During this fiight, it was buffeted by severe
turbulence, while greatly overloaded, and the combi-
nation of rough weather and violent maneuvers needed
to keep the airship under control severely strained the
structure at the points where the fins joined the hull.

Temporary repairs were made and a reir forcement
program initiated. By February, 1935, this program was
complete except for the area where the upper fin joined
the fuselage. All repairs had been made without taking
the Macon out of service. The top fin strengthening,
however, required deflation of a gas bag and therefore
was not planned unti! the next normal overhaul
scheduled for March. No one considered the condition
unsafe.

But, while returning irom maneuvers on February 11,
1935, the Macon encountered severe turbulence and
the top fin tore away at the weakened point. Several aft
gas bags were punctured by the debris and ballast had
to be dropped to counteract the loss of litt. The Macon
then became light., and engines still running, rose
rapidly above pressure height, lost more gas and then
settied gently to the sea Only two lives were 1ost. and
those needlessly, but the disester spelled the end for
rigid airships in the United States.
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The End of an Era

Shortly after the completion of the Graf Zeppelin. the
Germans began the design of a larger airship to operate
in comimercial service with the Graf. Because the new
airship would have a capacity of almost 5.5 million
cubic feet construction was delayed until a new, larger
hangar could be built. Before this hangar was com-
pleted, however, the R101 disaster convinced the Ger-
mans that the new ship had to be inflated with helium.
Therefore, the original design was put aside and a new
design begun.

Due to the lower tift of helium, the new airship was
even larger than the originally proposed aircraft. More
than 800 feet long. it had a capacity of over 7 million
cubic feet. But the United States. which had a monop-
oly on helium, refused to sell it to Nazi Germany be-
cause of its potential military use. Therefore. when this
new airship. the Hindenburg, made its maiden tlight in
1936 it was inflated with hydrogen. Just over one year
later. on May 6. 1937, the hydrogen exploded while the
Hindenburg was landing at Lakehurst and commercial
airship service abruptly ended.

The Hindenburg's sister ship, the Graf Zeppelin I,
made its first flight 16 months after the accident at
Lakehurst Because helium was still not available, it
was not placed in commercial service. German author-
ities made 30 experimental fiights with the airship,
many to probe the new British radar defenses. The Gratf
Il was dismantled along with the original Graf in 1940
and the scrap was converted to other military uses

15
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Blimps at War

Although the Navy's major interest was in large, rigid
airships during the period between the wars, the role of
blimps in the first world war was not forgotten. In addi-
tion, Goodyear continued to manufacture blimps for its
own commercial and advertising purposes. Therefore,
when the Naz.s overran France in 1940 and established
submarine bases on the Atlantic, the Navy contracted
with Goodyear for four new blimps, all twice the
capacity ol World War | models. The first airship patrol
group was commissioned at Lakehurst in January,
1942. By the end of 1943, almost 100 airships were fly-
ing.

Convoys with blimp coverage were rarely attacked.
Approximately 89,000 ships were escorted without the
loss of a single ship to enemy submarines. But, des-
pite this record of service, many airship groups were
disbanded and their bases were decommissioned im-
mediately after the war.

Navy interest in blimps contirued at a lower level
into the 1950s when several new and larger types were
introduced. During the end of the decade, blimps were
used as part of the early warning radar chain. The last
of these radar blimps had a 1.5-million-cubic-foot

Smhaonan Institution photo 872 6650
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capacity and was 408 feet long with a 40-foot radar
scanner inside its envelope.

By 1960, the introduction of more powerful land-
based radars and long-endurance airplanes outfitted
for anti-submarine warfare spelled the eng of the blimp
fleet. Over the next two years, the remaining airships
were decommissioned and the last airship group was
disbanded in 1962.

The Decade 1964-1974

Fcilowing the phase-out of the Navy's blimps. Good-
year's small advertising blimps were the only airships
still fiying regularly. A few surplus blimps were inter-
mittently flown in Europe and Japan for advertising and
promotional use. but the day of buoyant flight seemed
over.

Then during the early 1970s there was a resurgence
of interest. Actually, interest never totally ceased.
Rather, it periodically went underground to re-emerge
about every 10 years with renewed vigor. What has sur-
prised many is the duration and extent of the current
interest.

Offered first as aiternatives to aircraft noise and pol-
lution. airships captured the interest of the environ-
mentalists as well as the usual cadre of ex-airshipmen
and aviation enthusiasts. The energy crisis and the air-
ship’s fuel efficiency gave a second wind to the mnve-
ment and began attracting more conservative elements
of government and industry. Design projects and flight
test models have been produced in several countries
and a number of larger vehicles are under construction
(although these are small compared to the earlier
rigids).

Add io these conditions a number of both vocal and
articulate advocates and what might have been another
brief period of popular interest has become a major
subcurrent in aeronautics today.

As a result of this high level of interest and discus-
sion. several federal agencies are re-examining the
potential of lighter than air. To provide a focus for the
work. the National Aeronautics and Space Administra-
tion. the Navy. the Department of Transportation and
the Federa! Aviation Administration sponsored the
workshop which is the subject of this report.
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THE WORKSHOP
REPORT

Afier three days of presentations, the workshop par-
ticipants formed five working groups to discuss the in-
fermation presented and to apply their own expertise to
the various aspects of buoyant flight. Ideally. these
groups should have come to preliminary positions and
then exchanged members with other groups to cross-
pollinate ideas and coordinate results. However, due to
time constraints anc the large number of topics to be
covered, interaction was limited to a few ge.aerai pre-
sentations by each working group to the participants as
a whole. The draft reports of the working groups were
distributed to all participants, after the workshop, for
review and comment. In most cases, responses have
been incorporated in this final report. Significant modi-
fications and the reasons for them are outlined in the

nevt chapter, along with other comments deserving
special attention.

Policy Working Group

The original goal of the Palicy Working Group was to
suggest LTA policy options that the United States
might pursue and to outline the impacts of various
courses of action. However, the group felt that such a
broad approach could not be taken in the limited time
available and chose to outline a more specific policy
“statement” instead.

The major issues addressed by the working group
were:

Should the United States government develop
lighter than air vehicles?

Should the United States government sponsor
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lighter than air research and tcchnology efforts,
including the construction of experimental LTA
vehicles?

The group identified civilian and military missions
unique tc LTA (e.g.. transporting heavy powerplant
components to remote sites or |oitering on station fcr
long duration surveillance) and certain comgetitive
missions for which LTA is well suited but which are
now performed by other modes (e.g., carrying heavy
cargo over water). They explored possible export-
import implications in LTA technology, as well as
potential energy savings and improvements in the
United States military posture. Due to the unknown
economic risks, the group concluded that government
development of an LTA vehicle would be premature.
Rather, they felt that appropriate agencies of the
United States government should encourage LTA re-
search and technology and should sponsor appropriate
studies to better define LTA's technical and economic
unknowns. R&T should not, however, be confined to
the government —private industry and universities were
also encouraged to study these fundamental areas of
uncertainty. Construction of experimental LTA re-
search vehicles can only be justified after these addi-
tional studies have put some limits on the risks
involved.

Additional issues discussed were:

What is the proper role, if any, of LTA in civil
transportation? In military imissions?
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Who should assume the costs of any required
infrastructure to support LTA operations?

What type of LTA vehicle is the most promising:
non-rigid, semi-rigid, rigid or hybrid? With metal-
clad or traditional coverings?

What is the best way to estimate the economics
of airship operations? The cost of construction?

The working group felt that LTA's major role is for
cargo. not passenger transportation. There is a civilian
need for heavy lift capability as well as for the move-
ment of goods and commodities at rates and speeds
between those of surface modes and current airplanes.
There is a military need tor transporting military
cargos. lifting goods from ship to shore and staying on
station for long durations. Although everyone 3up-
ported the theory that the United States government
should assume responsibility for LTA air traftic control
as it does for heavier than air (HTA) vehi~les, there was
jiittie support for federal funding of other infrastructure
items such as hangar and/or special airfield construc-
tior (although some felt that ADAP funds could be
used for these purposes). Indirect mail subsidies were
discussed. but the majority felt that the cost of running
an airshipline should be borne largely by its investors.

There was no consensus as to which type of LTA was
pest. Rather. each type seemed to claim its own posi-
tion in the LTA spectrum.

There was almost universat agreement that only the
actual construction and cperation of an airship could
provide adequate answers to economic questions.
Extrapolations from past LTA experience, while pos-
sibly adequate in some areas. could not be used to
estimate tnday’s operating or construction costs. How-
ever. studies of potential markets and missions (as
well as possible technicai innovations) ould bnng
investment risks to an acceptable level before a con-
struction program might begin.

Having considered all these factors. the working
group developed a policy statement which was en-
dorsed by a majonity of the workshop's partic:panis. if
the results of the programs outhned in these recom-
mendations support the potential ot LTA. a thght
research program would be the next logical step in the
revival of lhighter than air systems

20
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Workshop Policy Statement

Lighter than air systems have certain inherently at-
tractive characteristics, including:

Low dependence on prepared facilities and rights
of way

Unique ability to transport large indivisible loads

Unequalled airborne endurance on station and en
route

Low fuet consumption and minimal environmen-
tal impact

These characteristics give LTA the potential for solving
such national and international transportation prob-
fems as opening up inaccessible regions for agriculture
ard the development of natural resources. onsite
delivery of modular housing and large powerplant com-
ponents. and anti-submarine and surveillance mis-
sions for the military. In addition. LTA could supple-
ment current systems for cargo transportation. en-
vironmental monitoring and social services. such as
disaster relief. Foreign sale of lighter than air vehicles
and components would also help the United Stat~s
balance of payments.

Although LTA svstems could provide enormous
benefits to the United States and the world. they may
cost hundreds of m.ilions of dollars to develop and
implement. Theretore, to minimize the technical and
economis uncertainties prior to committing such large
sume. the following actions are recommended:
TECHNGLOGY

Currert technologies in aeronautics and related
trelas ehould be surveyed (o determine what knowl-
edge may be directly transferable to lighter than air
Systen.y,

Ligies than awr projects in progress or contemplated
by toreign governments and companies should be sur-
veyed 1o dentify common areas for international
cooperation

A technotogy assessment of highter than air systems
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should be performed. specificaliy analyzing compara-
tive energy consumption, iand use. noise and air pollu-
tion and other environmental impacts for a broad range
of LTA applications.

Lighter than air analysis should be introduced inte
academic programs and the theoretical study of LTA
encouraged through fellowships and financial aid.

MARKET ANALYSIS

A broad survey of unsatisfied transportation needs
should be conducted to i1dentify commercial markets
and muiitary missions where LTA might offer a unique
so'ution and to estimate the rates at which service
would be attractive to consumers.

Cost. volume. service and performance characteris-
tics should be identitied for a range of commercial
markets and military, missions currently served by
existing transportation modes. and estimates made of
what LTA would have to offer in order to penetrate
these markets.

The transportation problems of develcping countries
and LTA's potential for sclving them should be given
separate attention

GOVERNMENT POLICY

A mechamism for the e2xchange of information be-
tween potential users a.~d potential manufacturers
should be established with a central clearinghouse for
LTA-related information

Government agencies should include an LTA ele-
ment in all future transportation studies.

Appropriate agencies should develop incentives to
stimulate broad interest in LTA in the private sector.
This could include a program of modest governmeiy
grants for concept development and elaboration as well
as possible cost sharning programs between govern-
ment and industry.

Certification. hcensing and operating rules and regu-
lations for LTA vehicles and crews should be re riewed.
revised and devetoped where needed to allow rapid
progress in the private sector unhampered by unneces-
sary technicalities

The helium conservation program should be re-
viewed tu preserve this rare element essential to prog-
ress in LTA systems and other technologies as well.
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Market Analysis Working Group

Commercial success of LTA will be measured by
prolits: military success by effectiveness in satisfying
wi'ss.on requirements. Before success can be predict-
ed. LTA missions or markets must be identified and the
vehicie characteristics specified. The number of
vehicles that might eventually be needed can then be
estimated and production, research and development
costs amortized over expected sales to determine
vehicle prices. Thus, .dentitying potential LTA markets
and missions is important not only as a mechanism for
identifying the type of vehicle and its important fea-
tures, but also as tne first step in determining its
economics.

The objectives of the Market Analysis Working
Group were to:

Identify possible missions and market opportuni-
ties i_r lighter than air craft

Evaluate relative value of mission/market appli-
cations

Indicate primary areas for lighter than air vehicle
development and application

The steps taken to reach these objectives were 1o:
Establish mission/market categories
Detail the missions and inarkets in each category

List the commodity and transport attributes
which :hould be evaluated for each catego'y

Identify major LTA vehicle types

Select the LTA vehicle types whish could be used
for each mission

Identify high potential applications

Use the above to select major missions/markets
for each of the four major LTA vehicle types
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MAJOR MISSION/MARKET CATEGORIES

The working group reviewed the possible commer-
cial. military and public service uses for LTA vehicles.
Major market categories were:

Heavy-hift. large-size unit movements

Agricultural apphcations (harvesting crops.
transportation from the field and other services)

Passenger transportation

General cargo transportation {particularly low
density products « /er transoceanic routes)

Bulk transportauon (dry. liquid and gaseous)

The more specialized. non-market-oriented missions .
identified were:

Military missions {anti-submanne warfare {ASV/].
logistics support, etc.)

Special missions (public service non-load carry-
ing  appiications trafttic control. communica-

tions, eteH)

Enviroomental surveitlance
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THE MISSION/MARKET MATRIX

In the mission/market matrix (Table 1), the missions
are representative of those which could be performed
by LTA systems and are grouped into the categories
discussed in the previous section. Within each cate-
gory the missions are listed in order of decreasing
potential based botn on the size of the market and its
suitability to LTA.

The matrix indicates that four separate types of LTA
craft may be needed:

Tethered balloons

Heavy lift. short range. VTOL airships
Fully buoyant airships

Hybrid airships

A fifth type of airship. not considered in detail, was a
surveillance craft. This is actually a small airship or hy-
brid not capable of long range or heavy lift but used
instead as a platform. It was eliminated because it was
not fundamentally a different type of craft.

The matrix indicates that each type of vehicle has
potential for a wide variety of applications. The degree
to which LTA can penetrate these markets will depend
on LTA performance and costs in competition with
other systems. In many of the missions. LTA would
capture only a small portion of the total market (e.g..
the transportation of dry bulk goods and agricultural
commodities). LTA could. however. capture large
shares of Iacal markets, particularly in regions where
alternate modes of transportation are undeveloped.

Most potential LTA applications require vehicles of
large size and payload capabiity These wili be expen-
swve to develop On the other hand. some applications
for retatively small vehicles are possible. such as for
patrol. surveilance and ..rso0ral yse Development of
these vehicles would be refatively inexpensive and
mught be a logical firat step in re-introducing LTA

COMMODITY MARKET ATTRIBUTES

The charactenstics of the commodity to be moved
influence the choee of vehicle and/or it design The
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following have been selected as peing the most perti-

nent:

Value per pound (market value of the commodity)

Density (weight per unit volume of the packaged
commodity)

Size (overall dimensions of the unit to be trans-
ported)

Weight (weight of the indivisible unit to be
shipped)

Environment (environmental requirements for the
commodity during transport)

Shelf lite (permissible transport time under the
environmental conditions in the vehicie)

Fragility (vulnerability of the packaged commod-
ity to damage)

In addition to the characteristics of the commondity
itself. other factors influence a shipper's modal choice.
The most important of these are:

Annual use volume (predicted yearly volume
moving from the point of origin to its point of
use)

inventory control (warehousing and delivery re-
quirements)

Transport margin (ditference between the produc-
tion cost and market price which cannot be ex-
ceeded by transport cost)

Accessibihty to transportation (the need for door-
to-door prckup and dehivery)

Security requirements (the need for secunty rela-
tive to pilterage or outside access)

in a complete market analysis these factors rmust be
ovaluated for each potential market.
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REQUIRED TRANSPORT ATTRIBUTES

To match missions/markets with LTA capabilities.
vehicle and system characteristics must also be de-
fined. The major factors to consider are:

Vehicle performance parameters (payload weight,
cruise speed. range. altitude. endurance, ability
to hover/loiter. take-off and landing character-
istics)

Cargo capability (dimensions of largest indivisi-
ble component that can be handled., weight of
largest indivisibie component, ability to provide
refrigerated environment. ability to provide low
vibration environment)

Transport system effectiveness parameters (time
reliability. dependability of schedule. security
from pilterage. need for terminal support
facilities and manning. door-to-door capability.
frequency of service. cost of transit)

Environmental impact considerations (noise. air
poliution. energy efficiency)




Sensitivity to the external environment (vulner-
ability to snipers or military actions, weather sen-
sitivity, radar signature)

THE ANALYSIS PROCEDURE

With the preceding information, it is possible to
match vehicle types and possible markets to identify
those combinations with the highest potential for
development. The working group did this quahtatively
as a first attempt at market analysis. A much more de-
taited study is required for definitive answers. Each
market must be addressed individually to assess the
degree of market penetration and estimate the number
of vehicles needed. This is an iterative process because
vehicle costs. which are a major factor in estimating
market potential, are dependent on the capital and
operating costs, which are. in turn, dependent on the
number of markets where the vehicles nan be used.

For missions and markets not now being served, the
estimation of the number of vehicles required is essen-
tially a guess based on a knowledge of the production
process and now it might be changed by LTA vehicles
with the right characteristics. For existing markets. the
analysis is based on tradeoffs between the costs and
performance of the exishng mode and the new LTA
service.

MISSION/MARKET ANALYSIS RESULTS

The following sections discuss the missions and
markets each type of LTA vehicle might serve in the
future.

Tethered Balloons —The market analysis in Table 1
yndicates that tethered balloons woulid have particular
apphcations as heavy hft devices in the ten to four or
five hundred ton payload range. Balloon systems are
currently being operated in the Bahamas as a com-
munications ptatform and in the Pacitic northwest by
the Bohemia Lumber Co and Alaska Lumber Co. for
logging The four logging balloons have 500,000 cu. ft
capacity and the aenal communication platform.
250.000 cu. ft. Payload 1s roughly 6.5 tons per 250.000
cu ft The balloon can be tethered and winches and
vasious other equipment attached in several ways de-
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pending on the application. The units are inexpensive
and require very little research and development for
new applications. The cost of the communication plat-
form operated in the Bahamas is estimated at one mil-
lion dollars, including the all-weather aerostat,
winches and accessories. The logging systems cost
400.000 to 750,000 dollars.

Tethered balioons could be used in the future to
spot-iift industrial and mining equipment and to move
and set up prefabricated buildings and systems in lieu
of a crane. They could be used as an earth-moving tool
and have special applications in tire fighting as a light-
ing platform. Equipment movement over rough terrain
is another possible appiication, as is service as a plat-
form for aerial photography. As an agricultural tool,
heavy lift tethered balloons could be used for blight
surveillance, crop harvesting in difficult terrain and
moving crops in and out of iarge fields. Another appli-
cation could be in pipeiine and transmission line con-
struction wnere LTA can be used over difficult terrain
with minimum disturbance.

Tethered balloons have various military applications
as well: transporting supplies from ship to shore,
moving heavy military equipment, repairing ships at
sea or on shore where oiher facilities are not available,
serving as military communication and surveillance
platforms and providing heavy lift tactical support.

The United States government has recently spent a
great deal of money on tethered balloon applications.
The Range Measurement Laboratory at Patrick Air
Force Base has spent about eight million dollars to
develop a balloon system that could survive 90 knot
winds. The resulting 2¢sign has successfully flown in
85 knot winds and in all weather conditions. This work
1S a major advancement in balloon design and engi-
neering and could lead to other industrial applications
and missions. including adapting this new balloon to
logging systems.

Heavy Lift VTOL — A major market exists for a heavy hift
Vertical Take-Oft and Landing (VTOL) aircraft to trans-
port and place heavy or bulky loads for a wide range of
applications from powerplant construction tc mass
transit In many cases, the existence ot an economical
heavy hft VTOL aircraft would open up new market
areas. such as mass production of prefabricated
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housing. by offennng a “ansportation service not
currently avalable LTA could be the answer LTA
VTOL could also be used in many military missions
where existing methods do not offer adequate sefvice.
An example 1s the otf-loading of container ships. With
the replacement of break bulk cargo freighters by
container ships, some new method must be found to
untoad the maienals needed to support amphibious
assault operations. either offshore or in ports where
cranes are not avaitable

Table 2 outhines potential markets for VIOL LTA
vehicles  None of the individual contiqurations pre-
sented at the workshop were specifically endorsed but
general vehicle characteristics were developed The air-
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cra®t must have vectorable thrust substantially in
excess of conventional airships. vertical take-off and
landing capabilities and payloads ranging from 50 to
1000 tons. Low forward speeds are adequate for eco-
nomic performance considering the short range nor-
mally associated with these missions.

In summary. a major market exists for heavy iift
VTOL services for payloads that only LTA can lift eco-
nomically. Several design concepts have been analyzed
in detail. The results indicate that financially success-
ful operational vehicles can be produced for these mis-
sions. In fact. they may be able to compete for some
missions currently performed by other mcdes. The
next step in these programs should be actual vehicle
development rather than further study.

Fully Buoyant Airships— Different sizes of fully buoy-
ant airships would be needed for different missions.
Modern versions of past airships. small compared to
those suggested today, would satisty most military
applications such as sea control, anti-submarine war-
fare and detection and command and control. These
missions require the long duration. medium speed and
loiter capabilities associated with buoyant airships.
Present technotogies in materials, propulsion and con-
trols should lead to significant improvements over past
design.

Agricultural missions in regions with undeveloped
infrastructures may also be satisfied by these airships.
Possible missions include the movement of farm
products. including animals. from remote areas to
transportation centers or directly to market. However,
it 15 not clear that all of the design problems associated
with this type of apphication can be overcome tcday.

Other applications require large LTA vehicles. Air-
ships of 10 to 50 million cubic feet or larger could carry
large payloads such as containerized general cargo or
bulk cargos. The key question is the cost per ton mile
for this service. The largest portion of that cost will be
the amortized capital costs. therelore. a low initial cost
vehicle must be developeu.

The carners who would use large airships can be
subdivided into scheduled carriers and nonscheduled
or chartered carrniers The scheduled carrers would de-
velop adequate ground support services for mooring.
fuelting and loading at the points they reqularly serve
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However. the air charter or nonscheduied carrier must
operate with minimum ground support services and
will have to carry much of the equipment onboard. The
resulting lower payload would have to be offset by
premium rates for these special services.

Further market research is needed to define the
market potential of all sizes of tully buoyant airships
pefore prototype development IS undertaken.

Hybrid Airships —Hybrid airships are vehicles which
combine substantial aerodynamic fift with buovant ift.
These vehicles must either make a take-oft run to gen-
erate awrfoil lift or used vectored thrust and/or a rotary
wing configuration to achieve vertical take-oft capabil-
ity Like fully buoyant airships. nybrids could come in
all sizes

Several primary missions were foreseen for hybnds.
The first is bulk commodity movement. principall in
regions lacking a developed transportation :nfrastiuc-
ture. This application includes the transport of petro-
leum. natural gas. dry bulk (ores. grains. lumber). hve-
stock and fresh fruits and produce.

A second application is the transport of heavy out-
sized loads such as power generation equipment. 1n-
dustrial and agncultural equipment and aerospace
vehicles and ccinponents.

General heavy cargo apphcations in the industrial-
1zed world were identitied as the third major use of hy-
brids. This would require penetration of surtace-freight
markets like feeder line container movemenis to of
from long haul carners, unitized origin-destination
freight; low-density. high volume manufactured prod-
ucts such as plastics. automotive equipment and auto-
mobile components and treeder hvestock.

Military misstons where a medium to large hybnd
could be used inctude jong-endurance flights requining
both high-speed rapid deployment and low-speed
maneuvering. Examples are anti-submanne wartare
nussite launching platforms and the strategic deploy
iment of personrel. weapons and support equipment

gmall hybrnids could perform surveiliance MIsSSIONS
combining lonq lotter with  medium  crutse speed
capabinty such as ervironmental mointonng and
purder. pohice. coastal and pipeline patrol

vertical/ Short  Take-Oft and Landing (V.STOL)
hybnids might perfcrm many short or medium range
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airplanc and helicopter missions. but with fewer
constraints on payload weight, volume, energy and
runway requirements. Similarly. V/STOL hybrids might
also perform most long distance airship transportation
and long endurance missiors without being subject to
the general wind and terminal-area operational con-
$traints of fully buoyant vehicles.

Although preliminary economic analysis for V/STOL
lifting-body airships indicates they might compete
successfully for medium and short range airplane and
helicopter missions, there are other hybrids about
which less is known. Therefore, turther technical, eco-
nomic and market analysis is cailed for.

Economics Working Group

The Econcmics Working Group attempted to formu-
late costing techniques for LTA vehicles and found that
in general the costing and economic frameworks de-
veloped for fixed wing aircraft or other transportation
systems are applicable to LTA. Statistical methods
used by other modes are available to develop cost
formulas from operating data, as are sensitivity analy-
sis techniques to examine difterent alternatives and
assumptions. Unfortunately. no LTA vehicles have
peen designed and built for many years and no modern
operating experience is available. Therefore. there is no
data base to which the costing techniques can be
applied.

The following example illustrates the probiem. The
Air Transport Association's 1967 formula (ATA 67) for
estimating comparative direct operating costs of
turbine-powered transport airplanes uses the equation
tion

C = a(TOGWmax/b) - C 1/Vb
to estimate fhight crew costs. where
TOGWpmay = Maximum Gross Take-Off Weight
of the Aircraft
Vi = Block Speed

the constants a. b and c are derived from actual crew
cantracts
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To estimate flight crew costs for a propr.sed aircraft,
one inserts the TOGW 5y and the estimated block
speed, which can be computed from aircraft speed. By
varying TOGW a4 and Vyp, parametric studies of crew
cost versus aircraft weight and speed can be per-
formed.

Applying this approach to airships, however, is im-
possible. Even ii size and speed are given for a particu-
lar design, there is no data base that can be used to
derive a, b and c, so they must be assumed.

Applying different sets of assumptions as to crew
cost and other costs as well (all of which were quie
reasonable}, the range for LTA costs is between 2 and
30 cents per ton-mile. In one case, the airship would be
highly competitive. In the other, there would be little
market for its services. The group was able to decide,
however. that the basic ATA 6 costing approach could
be applied to airships if and when data is developed.
The only major change is the addition of a gas
replenishment term, unigue to airships.

For most transportation modes, the annual capita!
cost represents a large percentage of total cost.
Vehicie price. based on constructiorn and development
costs. is the main factor that determines annual capital
cost. But this is an area where the working group
encountered the largest variations in cost estimates.

These difterences arose from inadequate information
on the economic conditions under which early dirigi-
ples were developed compared to the present eno-
nomic situation, lack of experience with LTA cialt
under modern certification regulations and inability to
define the complexity of a modern airship structure
relative to current airframe experience. The latter factor
is critical because aircraft manufacturing costs vary
from $10/ib. of airframe weight for simple. austere.
“light” aircraft structures to over $100/1b. for sophisti-
cated transport aircraft.

Present estimates of LTA construction costs vary by
orders of magnitude. It was possible to narrow this
range to between $25 and $100 per pound of airtrame
weight although not without dissention. These esti-
mates were not particularly sensitive to the number of
arrships produced —that is. there would be a relatively
flat learning curve. To determine total cost, the re-
search and developrnent costs and the costs of proto-
type construction. testing and certification must be
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pro-rated over the total number of units. Vehicle cost
also influences insurance. direct airframe mainte-
nance, general and administrative costs. The calcula-
| tion of annual capital cost per ton-mile 1s a'so intlu-
- enced by useful LTA life, utilization, financing condi-
w tions, opportunity cost of capital and tax shelter ~3n-
siderations. Given the lack of hard data in most if not
; all of these categories. the difficulties in estimat'ng
annual capital cost become obvious. (It should be
noted that while the state of knowledge of airship costs
is poor, the situation concerning hybrid LTA vehicles is
even worse.)

Construction and operation of a prototype is the only
way 1o obtain accurate LTA cost estimates. Short of
this. studies should be directed towa:d examining po-
tential markets for LTA in the existing transportation
world. By analyzing the existing competition for poten
tial LTA markets. cost and performance requirements
can be derwved at which LTAs would be economically
feasible. By “working backwards” in this way, one can
try to design an airship which will not exceed these
costs.

In conclusion, the group 1dentified a need to estab-
lrsh a hard data base for modern LTAs. with particular
emphasis on construction and development costs
Given this data base. a set of equations can be derived
and used to calculate cost and performance character-
istics tor vanous missions. However, actual opera-
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tional experience will be needed to obtain this hard
data base.

Operations Working Group

The Operations Working Group concentrated on con-
ventional airships and did not discuss hybrids. Their
operation would perhaps resemble airptanes and heli-
copters more than classic airships. Ground operations
and flight operations were treated separately although
any gitven mission inciudes both.

GROUND OPERATIONS

Ground operations were in two sub-categories:
those incident to flight such as take-off, landing and
mooring. and those not related to flight such as ser-
vicing. maintenance, loading and unloading. The gen-
eral conclusion was that sufficient experience and
technology exists to hancle a large non-rigid such as
the 1.500.000 cubic foot ZPG-3W blimp flown by the
U.S. Navy from 1958 to 1961. This technology and
applicable procedures would also be adequate 1o
handle a small rigid up to perhaps 3,000,000 cubic feet.
but beyond that size larger and heavier equipment
would be required.

Although the technology and procedures developed
for the ZPG-3W were adequate, the group felt that a
fight research airship would be an invaluable tool for
refining operations to commercial standards and inves-
tigating possible solutions to in-flight operational
problems.

The two types of moornng masts used with the
ZPG-3W could be used with large non-rigid or small
rg:d airships-—the mobile mast and the transportable
stick or expeditionary-type mast. (The stick-type are
less expensive ) Mechanical ground handling could be
done with a mobile winch (as with the ZPG-3W), which
could also tow the mobile mast. In pairs, mobile
winches could be used for docking and undocking.
'masting and unmasting and landing and launching,
reducing ground crew requirements to eight to ten
men. Ground crew requirements for any size ship
should not evseed this number.

At a moonng out circle, a jacked and aogged down
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mobile mast with a ZPG-3W moored to it could hold in
winds of up to ninety knots. Although docking and
undocking of this size airship could not be done if
cross hangar winds exceeded about 17 knots, all
routine servicing and maintenance including engine
changes could be done at the mooring out circle.
Therefore. the airship need only be docked and un-
docked for major maintena: 2 for which delays due to
unfavorable winds are more easily tolerated.

in addition to the proposed LTA research vehicle, the
operations group aiso discussed the ground handling
problems of a large rigid airship. A 15,000,000 cubic
foot vehiclie was assumed because it is the largest size
that could be built in existing construction hangars
(Table 3).

Large conventional rigid and metal clad airships
might operate primarily 1n the VTOL mode using static
lift and vectored thrust. Take-off{s could be made heavy
from either mobile or stick-type low masts wiih vec-
tored thrust providing the extra lift. VTOL landings
could be made with the ship light, using vectored
thrust to heip pull it down. It could be hauled into the
moonng cup by the main wire and 'vinch from the
mobile or stick-mast

Two yaw lines could be used to steady the ship's
nose from undestrable lateral movement and to prevent
the airship from overnding the mast. These lines could
be operated by three different systems:

Mobiie winches could be similar to those used in
the past. but heavier and larger.

At infrequently used sites. a smooth circular path
could be prepared for a landing whee! on the aft
fin Deadmen anchored in the ground just inside
the path could be used for the yaw hine control,
with moonng points every 15 deqrees alonqg the
penmeter of the cucle

Requtarly used bases could have a circutar rail-
roqad track. yaw guy-ca’s and a railroad ndeout
cdar to prevent kiting

All toading and untoading could be done while the
]

aitship s moored out. as could all servicing  In the
past. enqines were changed and even new gas cells
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installed while a rigid airship was moored out (al-
though this admittedly took longer than in the hangar).
Any future large rigid airship. except for emergencies,
could dock only once a year for major overhaul.

There are problems associated with mooring out any
size airship—predominantly icing and high winds. Al-
though dry snow blows off, wet snow, freezing rain or
other icing conditions car cause trouble. Several pro-
cedures have been tried with varying cegrees of
success: high pressure fire hoses to wash off snow and
ice. passing a line or belt over the top of the airship to
pull off the snow and ice or heating the helium in non-
rigids. This is an area where further research is needed.

Large rigids have weathered hurricane force winds
while moored to a mast and have made flying moors in
45 knot winds. Research 1s needed. however. on the
effectiveness of the various mooring techniques for
large rigids in high wind conditions.

For cross country flights overland, a number of
ground bases or landing areas would be required at
intervals well within normal cruising range of all
planned types of airships. In addition to normal airport
supples such as aviation fuels. airship bases should
have supplies of helium for emergency “top-ups.”

Designated mooring out areas or bases should be
reasonably level and smooth with a landing wheel roll-
on circle and have an expeditionary or stick moofing
mast as described earlier. The areas adjacent to these
bases should be reasonably free of tall trees. buildings
and electric and telephone lines and poles within the
hmits of normal arrship take-off and landing
approaches

Bases for large rigid airships would be more exten-
sive and elaborate. In addition to the requirements
already described, they would need greater approach
and take-oft clearance. water supphes for ballast re-
plemishment. a suitable mooring mast and stern hold-
down facilities Table 4 summarizes some of the equip-
ment required at airship bases for non-hangar opera-
tions

FLIGHT OPERATIONS
The paramount consideration of all thght operations

must be safety Airships must be safe. rehable vehicies
if they are to serve a useful transportation role Several
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topics were discussed that have a direct impact on
flight safety.

Weather—The airship faces the same weather prob-
lems as other aircraft—turbulence, icing and high
winds. But because of the airship's slow speed and
altitude restrictions, these problems are more serious.
Long airship journeys may take several days. increas-
ing the need tor accurate long term forecasts en route
and at the destination.

Prior to take-off, initial flight planning must consider
the locations and probable paths of weather systems
and associated frontal passages, winds, precipitation,
visibility. icing and the like. The Hight planner can then
select aroute and altitude profile that minimizes condi-
tions adverse to the airship and maximizes favorable
tail-winds.

Once the flight is underway. the airship crew must
be particularly attertive to weathar changes. Aside
tfrom the more obv »us adverse conditions to be
avoided, strength and Jirection of winds must be
closely watched because of their impact on perfor-
mance. Fortunately. weather satellite updates (broad-
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cast several imes an hour) and reports from other air-
craft and ground stations provide adequate information
for major on-board tlight ptan modification.

The quality of modern airrborne radar allows early
detection of storm centers. heavy precipitation and
associated turbutence. Where possible. these areas
could be avoided. If the limited speed of the airship
prevented circumnavigation. radar could indicate the
path of least turbulence.

In summary. weather does present special problems
for airship operations. But with modern weather infor-
mation and on-board electronic equipment. a trained
airship crew should be able to attain a high teve! ot
safe. regular service.

Altitude/Payload Management—in the past. there have
been two altitude-related operational problems. both
affecting payload. First. because buoyant lift de-
creases with altitude. an awrship on a higher altitude
mission could not carry as much payload (or fuet.
which would result in a range reduction) as at a lower
altitude Second. as an airship ascends. ithe gas inside
s cells expands. At “pressure height.” the cells are
futt and the airship could not go higher without venting
gas—an expensive procedure. especially with hetium.
Historically. to raise the pressure height. i2ss gas was
placed in the cells at the start of the mission, but this
also lessened the payload that could be carried. Both
of these problems lessen an airship’s utiiity, particu-
larly 1n mountainous areas

With modern technology. 1t may be possible to
ehminate altitude problems by controlling gas volume
rather than ott-loading payload. This could be done by:

Expansion:contraction of the ifting gas mechan-
ically

Liguificationgasification of the hiting gas

Addition ‘substraction of heat to the gas. using
engine exhaust or the intection of steam

The weignt penalty of the equipment needed tor the
st two approaches seems to be excessive Although
insulation and heat exchar.ge systems may be required
for thermal controb. this alternative appears most likely
to succeed  grven today s matenals and technotogy
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Air Traftic Control — The size. speed ard rnaneuverabil-
ity of airships may dictate airspace allocations. There-
fore 1t will be necessary for airship operations to be
compatible with the operation of other aircraft that
might occupy the same altitude/ route/terminal regime.
Compatibility may be achieved by such means as the
allocation of special airship routes. terminal areas and
altitudes. and air traffic control time and space separa-
tion. Either of these methods may well meet strong
objection from general aviation. the normat users of
low altitude airspace. in addition, alternate bases with
associated routings must be available to avoid airspace
congestion at primary terminal areas when surtace
conditions are not conducive to landing. Other than
these special requirements due to the airship’s large
size and low speed. airships should be compatible with
the normal ATC system. Trade-offs with other airspace
users may induce institutional and/or political prob-
lems but no other problems are foreseen.

Emergency Considerations —In add:'1on tc the normal
routine operating procedures which can be developed
for a given vehicle and a given mission, there are spe-
cial procedures used by fhght crews in emergency
conditions Such procedures are highly dependent on
the vehicle type and mission. However. a few general
comments can be made. Careful consideration must be
given to the baitast management prog 1 in LTA
vehicles. The flight crew must be able t¢ .ope with
adverse ballast conditions which muyst be easilv and
rapidly identified. At least one way of rectitying these
conditions must be provided (e g.. rapid release of
water; Because some LTAs will be large vehicles. ade-
quate crew communications must be provided during
emergency conditions. including loss of primary eiec-
trical power

in general redundancy of vital systems necessary
tar thight operations alleviates the need for lenqthy and
cempheated emergency procedures, but redundancy s
pxpensive  Therefore, the decision to design redun-
dancy 1nto a vehicle should be made on the basis of
trade-ott studies of the appropriate costs and henefits.
inclading operational alternatives

Qeyveral areas require special attention

Body restraiming systems
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Nor-flammable materials
Fvacuation procedures
Appropriate crashworthiness
Easy ingress/egress

Past experience from airship operations shows that
airship motion occasionally can be violent. However,
the size of an airship requirzs movement of the crew for
inspections and maintenance and such mobility is a
necessity for passengers on long endurance flights.
Long endurance flights will also require beds in addi-
tion to seating for crew as well as passengers. Whether
some body restraint system will be necessary is un-
known.

Existing regulations for tlammable materials in air-
planes would apply. in addition. new standards would
be required tor skin fabrics. gas ceill materials and the
like.

Special attention must be given to the problem of an
emergency evacuation. The huge size of the airship
envelope in combination with the comparatively dimin-
ulive crew and passenger cabin poses a problem
uhigue to airships.

Althcugh existing crashworthiness requirements will
have to be met, the low speed. iow mass and large size
of airships allow a design with high crash attenuation
capability, giving additional crew/passenger protec-
tion.

The access to gondolas and the interior of the airship
could become an operational problem if not properiy
considered ir the configuration of thz aiisiip. General
requirements have to be anaiyzed and established as a
aude for the design of spectfic conhigurations

in sumimary, safety procedures must be developed
tor airships as they have been for ships and airplanes.
Specal attention must be given to the large size and
pofentially long Juration missions of airships that
make them different rom anpianes

Training Ruquirements —Sate operation of the airship
must be the paramount consideration at all times
Therefore. today's airship wili require training to the
same high standards required n aircratt operation.
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Some system of certification for the entire crew must
be ¢stablished  Periodic revahdation of pronciency
should be an integral part of this certification system
There 1s every reason to beheve that the use of simu-
Posrs forimitial and perniodic feliow-up traiming can be
employed as a valuabie. and probably even essential.
training resource

Safe maintenance practices pecuhar to the airship
must be estabhished and continually checked through a
traiming and proficiency demaoenstration program Al 4
areas pertaining to the safe operation of the airship ]
both while airbarne and on the ground must become an
imstinctive part ot the habits of ail personnel assc-
crated with girship maintenance and operation

In-Flight Monitoring and Control Systems —In order to

‘et thie hults stractural imegnty dunng violernt
o euvers. past arrtship designs often hmited the k
dAmount or rate at wihich eievator or rydder could be
applied But this aiso lessened control danng penods
ot severe sias or vertical qusts The bhest trade ot can

A
b
be reached by using i
1
]
Better structurdal technigues ‘
Better materals
i
i Better automatic fhght contraols 3
i 3
i {
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The latter could use sensors rhounted throughout the
hult and fin structures to measure the amount of strain
caused by control movements or gusts. This could be
fed back to the autopilot to reduce the control move-
ment before the strength of any critical part of the
structure was exceeded. Therefore. the maximum safe
degree of control could always be applied without en-
dangering the safety of tha airship. The difficult task i1s
determining what parts of the structure are critical. be-
cause minor structural tailures which the airship could
survive are preferabie to crashes or ccitisions that
could have been avoided with more control authoriiy.
To increase the safety of airships. improvements in
stability and control are necessary. particutarly at low
speeds (under 20 miles per hour). Lack of control
response at these speeds has complicated landing and
nhovering and also loading and unloading when per-
formed in the open white hovering or at the mast.
Better control systems, along with boundary layer
control and vectored thrust. could improve this aspect
of LTA operations considerably.

Technology Werking Group

For spec:fic areas of technology. the problems of de-
signing both conventional and hybnd LTA aircraft were
reviewed by subgroups of the Technology Working
Group to answer the following questions:

What s the current siate of applicabie tech-
nology”

What improvements over past LTA designs would
result from apphcation of current techinoloqy to

LTA concepts?

Nhere do gaps exast in technois)y reeded tor
tuture designs”?

Can ne ass gn pronties for fatgre RaT to Bl
thase gaps
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OVERALL DESIGN/CONFIGURATIONS/MISSION-
RELATED PROBLEMS

This subgroup reviewed a variety of past and present
concepts for LTA aircraft, related their performance to
missions and then reviewed mission-related technoi-
cgy problems. They also defined various design-related
preblems for hybrid contigurations. The approach was
similar to that of the Mar'et Analysis Working Group.
but started from a technical perspective rather than
from a mission/market perspective.

Characteristics of Airships—A wide variety of airship
concepts have been explored—and, in some cases, de-
veloped—to exploit the unique characteristics of fully
and semi-buoyant aircraft The most significant char-
acteristic of the fully buoyant airship is its ability to iift
aload aerostatically without the expenditure of power.
However. it pays for this free lift when 1t tries to move
its large volume and size at even moderate speeds. Be-
cause of the high drag from the large surface area and
displacement of the buoyant envelope, high speeds re-
quire very high expenditures of power. Therefore,

buoyant iift vehicles are best suited for large loads. low
speed and long-endurance missions. Conventional
winged atrcraft are more suitable tor smaller. higher
density loads. high speeds and limited endurance mis-

SIons.

For intermed:ate missions it may be advantageous to
combine buoyant lift with auxiliary lift from wings
during cruise or from rotors during hover (propeliers
duning cruise) or perhaps from both wings and rotors.
These configurations have given rise to a targe number
of hybrid LTA concepts. By combining wing, rotor and
buoyant iift it may be possible to taillor aircraft design
to mission requirements in terms of load size, hover
requirements and speed. producing a smatler anc more
eificient vehicle. For examnle. conventional airships
can perform long endurance loiter missions for days at
low speeds. low fucl expenditure and hopefully with
tlow notse and pollution levels The conventional air-
ship can alsc be used 1o it "irae toads it an equivalent
ballast (1 haps wateny can be dropped at the ongin
and 1s available at destmatior It baliast problems
make pure LTA operations impossible then himited
buoyant Lift miight be used to offset the “npty weight
ot V/STOL vehicles The available wing or rotor lift can
then he totally aevoted to hifting paylnad
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Projected advances in both helicopters and conven-
tional airplanes do not appear to provide the large pay-
load capabilities required for certain missions currentiy
envisioned. White no targe airships having these large
payload capabilities have been buiit either, LTA ap-
pears to have .the potential to perform these missions
with the proper application of modern techiiciogy.

Classification of LTA Missions—The following mis-
sion areas were examined for possibie applications of
LTA technology:

Transportation of heavy, indivisible loads

Transportaiion of passengers. containers or
break-butk freight

Low altitude surveillance
High altitude surveillance
Special purpose

The subgroup discussed the movement of large in-
divisible loads that exceed the capacity cf surface
transportation systems because of size constraints,
interface constraints (over-the-beach) or roadbed
capacity. Included werr the transportation of large
machinery. factory-fabricated structures and special-
ized equipment for whele-tree logging in rough terrain.
The distances involved may be long or short range.
Both repeated and one-time missions were considered

In considering the transportation of passengers.
containers Ut break-bulk freight. the subnroup concen-
trated on the classical requirement to move people or
goods between two 2'~ts. In this context. LTA will
often be competing with other appropnate forms of
transportation Because of ..z unique charactenstics.
LTA may oe more economical 11 some cases when total
costs are considered Ranges of interest included very
short distances (intracity transports) to very long
transoceanic distances.

Low altituce surveitlance bastcally covered the low
altitude (less than 20.000 ft.). long endurance and high
payload requirement missions. Possible applications
include ASW and »cean surveillance operations for the
Navy. high resciution geographic mapping. broad
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i" ! atmosphericIoceanographic sampling or similar actv-
. ities. Another application would be the relay of electro-
= o ,,\- magnetic sigrals for communications.
_ - 7 In contrast, high altitude surveillance missions were
N . those using high altitude, line-of-sight sensors where
- large area coverage is required from a moving or sta-
~ N tionary piatform. Long endurance is requirad and

payload requirements must be limited, but the cost of .
the LTA vehicle is relatively l1ow.
Finaily, those miscetlaneous LTA missions that do
not have a significant common denominator were
grouped together. included were such things as sport
pallooning and police surveillance of urban areas.

Matching Concepts to Missions—The requirements for
vehicle performance which are associated with these
missions were derived (Table 5). Payload require-
ments, altitude, endurance, range and control author-
ity vary quite widely, but most missions require speeds
below 100 knots and very short takeoft distances. The
final step in the analysis was to match some of the
vehicle concepts and designs presented at the wOrk-
shop with the vehicle requirements developed (Table
6). From this analysis, the subgroup decided that there
was at least one match between mission and vehicle
for each vehicular type and, in some cases, a venhicular
type might be appropriate for several missions.

Special Mission-Related Technology Requirements —
To accommodate instrumentation needed for ASW or
geophysical prospecting. special attention may be
necessary to minimize interference with the sensors or
to insure a favorable environment for them. For exam- .
ple. in geophysical prospecting using sensitive Mmag-
netometers. electromagnetic disturbance and vibration
must t @ minimized This may require the use of non-
ferrou:. sparkless ergines. plastic rather than metallic
structures. adequate grounding of all conduction ele-
ments. shelding of electrical systems, physical sepa-
ration of sensors from machinery and extremely low
resonant frequency mounting systems if low frequency
cignals are to be sensed.

For sensors towed in the water, adequate velocCity
and direction control 1S needed Provision must be
made 1o tow heavy systems with large tow torces
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Comfortable. vibration-free spaces for sensor opera-
tors will maximize their performance. 1f on-board
acoustic sensing arrays are used. low self noise from
machinery and low flow noise in the vicinity of the
Sensor 1S necessary.

Hybrid Design Problems —Hybrid vehicles pose several
problems that need more study. For example, there has
been littie analysis of the aeroelastic behavior of hybrid
configurations that combine rotor/propetlers with
large semi-rigid or flexible envelopes. Untii the dy-
namic stability coefficients of hybnds are determired.
it 1s impossible to develop iutcmatic stabilization and
control systems. In some configurations, large direc-
tional thrust rotors are placed around the periphery of
the buoyant envelope. The resulting induced flows
could exert large aerodynamic forces on the envelope.
making hover control and cruise stathlization difficult.
Is there one optima! shape for a hfting body LTA con-
fiquration or does 1t change with cruise speed? In con-
figurations that combine wings and buoyant en-
velopes. the aerodynamic torces on the envelope are
unknown where large downwash tlows occur on (he
wings There may also be a danger of hull flow separa-
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tion in crosswinds at low forward speeds and a result-
ing loss of lift on the relatively small wing.

In general, more needs to be known about distri-
buting large concentrated loads from wings, pro-
pellors. thrusters. rotors and large load frames over the
very light. low density structure of the hybrid airframe.

MATERIALS, STRUCTURES AND MANUFACTURING

There is no fundamental distinction between buoy-
ant and hybrid airships with regard to materials. struc-
tures or manutacturing techniques. Most available or
new technologies may be applied to either type of
vehicie with differences only in detailed design. There-
fore. the discussions of this subgroup apply to both
types ot airship except where noted.

Materials —Progress has been made in the past several
years in improving flexible aerostat envelope materials.
This pliant materials technology ca . be applied from
present balloon developments to the design of gas
cells and envelopes. Among the newer materials are
combinations of polyester and Keviar tibers which offer
greatly improved strength and tear resistance. Fabrics
capable of transmitting planar shear stresses by virtue
of tnaxial weaves have also been deveioped. These
newer fabrics using improved fibers display reduced
permeability characteristics. However, further develop-
ment is required in seaming techniques. the effects of
other inflation gases and the effect of high super-heat
on these new materials.

A wealth of possitilities exists for the use of new
materials. such as fiber or laminated composites,
rmetal or otherwise. Their principal vatue for ngid struc-
turess less in improved strength than in the improved
ng:dity offered. However. the pay-off for each and
every structural matenal can be fully explured only
through an internal configuration design making the
maximum use of that matertal The combinations and
permutations are consequently large and as yet un-
mapped

Manufacturing —Most of the recent fabrication and
manutactunng techniques developed in the aeitospace
Industry can be apphied 1o airship structures. including
bonded structures. diffusion bonding and 'mproved
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adhesives. to name a few. Special design and handling
concepts for minimum gauge, light weight structures
may be needed to prevent structural damage during
manufacture or in service. Economic fabrication con-
cepts and methods particularly suited to airship con-
struction need to be developed to build low cost air-
frames.

Structural Design— Structural design must synthesize
material characteristics with structural concepts. Large
capacity. high speed computers are an invaluable too!
for this synihesis. At the conceptual design stage.
numerous configurations may be evaluated. Once the
cperational environment is defined. the computer can
determine design loading conditions and perform
structural analyses of promising configurations.
Graphic displays of hines. structural members and
plumbing and wiring can be prepared by computer. as
well as line drawings and lofting data. Finally. the
computer can convert these designs into numerical
control tapes for automated die and template cutting.
Siymilar programs have been aeveloped and are cuf-
rently being used 1o develop surface and undersea
vehicies. In spite of the sophistication in computerized
design/analysis. there are deficiencies pertinent, but
not unique. to airship apphcations. More work IS
needed 1n non-iinear and viccoelastic material and
structural behavior. large-detlection analysis. and con-
tact and discontinuity probiems. Computer programs
have been written specifically to ‘reat these problems
However, they have not been incorporated into large-
scale general-pirpose programs such as Nastran.
Sotid Sap or others. These problems are not unique to
arrship developments it is not the responsibility of the
L TA community alone to solve them. However. the LTA
commumity should promote. cooperate and assist in
therr solution

Loads - There has been some anatysis of the loads on
conventional amrship contigurations for the quast-static
conditions assoctated with discrete gusts. maneuver
ing empennage loads and landing contact velocities
However the random gust condit.on has not been ex-
plored in the same detail and the condition where mul-
tiple qusts act cimuyttaneously 1n varous magnitudes
and directions an large bodies has been largely 1q

nored
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The situation becomes increasingly difficult when
hybrids are considered. The dynamics associated with
the airplane must be combined with those peculiar to
the airship. Because these conditions are dynamic, a
method of interfacing the buoyant mass and structural
response with those of the heavier than air augmented
components is needed in order to assess gust allevi-
ation factors. Criteria must be established to determine
what hybrid landing contact velocities will be (probably
between those of LTA tandings and the higher values of
HTA).

Criteria—LTA load. performance and design critena
need updating and a current standard design manual
should be prepared to be used as a reference for the
fundamentals of aerostatic design. These documents
should incit Je among other topics. chapters on:

Loading—Ground conditions and critena, flight
conditions, including steady state and transient

Design Factors—Specitic loads. stresses and
limit load factors

Materials — Physical properties. as comolete and
detailed as possible. of composite metals and
fabrics

Gases—Complete physical properties. constants
at uniform thermodynamic state, conversion fac-
tors for cother states (possibly graphics and
tables) and standards of gas purity

Fuels —Physical properties of liquid and gaseous
fuels

AERODYNAMICS, PROPULSION AND
PERFORMANCE

To operate within the present-day transportation
system. airships must operate n roles which differ
from their tradihronal applications between the wars
They must operate under weather conditions and
within a system of safety restrictions which demand a
much higher performance than previously attained To
analyze the overall performance of airships and ways of
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| improving that performance, this subgroup considered
cruising performance. maneuvering performance. per-
formance in conditions of meteorological turbulence

¢ : and performance in other adverse weather conditions.
- o ' The subgroup then examined the current state-of-the-
art. discussed outstanding prcblems and made recom-
mendations for further work. Hybrids were reviewed
T ! separately.

: The investigation of these topics depends upon an
integrated program of experimental and analytical
work. The subgroup felt that much research may have
| already been completed. but is not widely known.
Therefore participants in the workshop were invited to
submit any lists of references associated with airship
design work, either from specific airship sources or
from associated fields such as underwater vehicle
research, wind effects on buildings. etc. A similar
hsting of avatiable computer programs which could be
applied to any aspect of airship performance assess-
ment would be useful

The wind tunnel work associated with earlier airship
development was inhibited by the difficulty of achiev-
ing relevant Reynoids numbers. It appears. nowever,
that high pressure tunnels may now be available which
would aliow meaningful measurements of aerodynamic
derivatives and coefficients to be made in appropriate
flow regimes A search shouid be initiated for infor-
mation on the existence and availability of such facil-
ities.

Finally. the modern airship must operate in condi-
tions of low aititude turbulence which are inadequately
documented. The collection of turbulence spectrum
anaiyses and of information on wind sensing tecn-
niques must precede the establishment of an experi-
mental program of wind measurement

Cruising Performance — The generat consensus of the
subgroup was that buoyant airships. over long stage
lengths. should have a cruising speed range of 80 to
100 knots. represenhing the relatively narrow margin
3 between undesirable sensitivity to adverse winds and
excessive fuel consumption (Proposals for faster
ships {200 to 300 kts | were felt to be too specialized
for study 1n this context ) This represents an increase
ot 20 to 40 knots over earler designs. with correspond-
ng increases n aerodynamic and structural ioading
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and in propulsive power requirements. These lead in
turn to a requirement for increased aerodynamic effi-
crency in cruising flight. which may be achieved by
modifying airship geometry or by mechanica!l means.
such as boundary layer controt or propuision system
revision.

As far as cruising fiight is concerned. it seems un-
likely that geometric deviations from the traditional
~cigar” form will lead to significant reductions in drag.
Further work is necessary on the effects of L/D ratio.
on the housing of installations within the hull protile.
on the drag of various control surface systems and on
the eftects of surface texture and ngidity on overall
drag coetficients. The tlow aroiind a body of revoluticn
in pitched or yawed thght also requires additional in-
vestigation

While the classical form seems most efficient for
cnnsing  operation. the ncreasing importance of
maneuverabihity and control n turbulence at Iow
speeds and alt.tudes may dictate an alternative geom-
otry Wnether the penalty in cruising thght efficiency
wiil be acceptea will generally be decided by the mis
qion for which the airship s designed

Boundary tayer control tor arships has been pro-
posed nalternative torms o roduce wake drag at the
tarl to reduce skin tnchon draq by delay ot transition
i to improve control sudtace pestormance by local
flow control at the hunge break There 15 hittle infornma:
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tion on wake generation at typical flight values of Rey-
nolds numbers. Therefore. further study is required on
the application of boundary layer control in this con-
text, particularly in view of the mechanical and struc-
tural problems involved. Effective reduction of skin
friction requires suction over aimost the whole en-
velope area. The weight and power requirements would
appear to neufralize any aerodynamic advantage which
may be achieved. More investigation is required, how-
ever. 1o quantify this qualitative reaction. Control sur-
tace blowing is already in use on some aircraft with
great effect and its adaptation to airship fins clearly
merits further study.

Any revisions to the propulsion system will probably
use propellers because they are still the optimum pro-
pulsive instrument for the buoyant airship. There is a
need for the further development of large. low-speed.
low-noise units. Aerodynam:ic advantages are attain-
able through the use of wake-immersed propellers and
of ducted propeliers. but each system involves weight
penalties which must be evaiuated in the context of the
vehicle’s mission. The optimum location of tandem
propelier units mounted on the airship flanks must be
investigated. The interference effects of these pro-
pellers on each other and on the airflow over the hull
have never been fully analyzed. It appears that cycloid-
al propellers may have advantages in low-speed
maneuvering. though they become extremely inetfi-
cient with increasing speed.

A wide power-plant choice is posstble if all potential
long-term developments are taken into account. A
realistic approach must confine itsetf. however. to the
actual and potential performarce of units already in
use. Because an emergent airship industry will be
unable to support a specific program of engine de-
velopment. such development will be controlled by
demand in other industries. Therefore. the hightweight
dresel engine probably will rnot achieve a development
rate comparable with that of the gas turbine The latter
becomes more attractive for airsnip apphications as its
specihic fuel consumption dechines At present. how-
ever. the diesel s lower specific fuel consumption 1s an
averwhelnming advantage for long range or endurance
missions

The airrship would be more readily adaptable to
nuctear propulsion than would any heavier than asr
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vehicie. However, this is a long term prospect and its ‘ [
. development wiil depend on the leve! of petroleum ‘

/ fuels available in the tuture. ‘
Maneuvering— Maneuver capability in any modern air-
ship will be of more importance at very low speed and
altitude than in cruising flight. 1t is in the former
regime that improvements in current performance are

s particularly necessary. Pressure airship experience has
ndicated an almost total loss in aerodynamic control
- effectiveness at speeds beiow about 17 knots. In other . p

airship designs, the loss of control occurred at lower
speeds, but still created operational problems. Signi-
ficant control at lower speeds can be achieved only by
the use of vectored thrust in all three directions. Effec-
tive design of such a system requires simulation based
on aerodynamic data including second and higher
order derivatives. But this informaticn is not available
even for trauitional geometries. it can only be obtained
through wind tunnel experiments nver a relevant range
ot Reynolds numbers

On certain missions. the iow-speed control require-
ment may require either a totat departure from tradi-
t.onal geometries or the application of very large thrust
(as in the case of a nlting-rotor helistat). The asso-
ciated penalty in cruising performance must be
reduced to an acceptab.e leve! for the mission.

Meteorological Turbulence—In cruising flight. the
problems of structural loadirg and controliabibty
under gusting conditions are increased by the size and
speed projected for future airships. It is probable that
present-day knowledge of gust structure will permit a
far more accurate estimate of the conditions airships
will be required to meet than has previously been pcs-
sible

The necessary improvement in gust resistance may
e achieved either by an increase In structural effec-
tiveness (possibly involving a geometry chanqge) or by
some form cf gust alieviation Aljeviation can be a con-
trol function involving moving surfaces or vectored
thrust. but alternative possibilities may emerge from
the study ot tlexible structures

In the low-speed maneuvering and hcvenng reqime.
station-keeping becomas more important than struc-
turat toading. But the size of the thrust units needed for
station keeping may n itselt preduce signmificant 10ad- |
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ing problems. Other problems which require further
study include gust sensing techniques, including the
use of radar: the dynamic characteristics of an airship
in tethered conditions: and airflow in the region of an
airship tlying close to the ground.

Hybrid Perfermance—A general analysis of hybrid air-
craftis inhibited by the wide range of hybrid configura-
tions which have been proposed. All such concepts
require further investigation. The degree of analysis
depends uponr their divergence from configurations for
which information already exists. Certain hybrid de-
signs can profit immediately from research on litting
bodies of various forms., including aircraft of low wing
Inading.

Most of the problems are related to the hybrid's larqe
bulk and low mass. Particular study fields include:

Take-off and landing performance. with carticu-
lar reference to the vehicle's sensitivity to
changes in wind direction, to the rapid decrease
cf ground effect forces with height and to its
slow response

The probiems of gust response in cruising flight
which in many ways resemble those discussed
for the buoyant airship

Interaction between aercstatic. aerodynamic and
proputswe forces 1n maneuvering flight

it seems clear, however. that hybrids offer advan-
tages on certain missions and that further research
woeuld be justiied.

STABILITY, CONTROL AND HANDLING
CHARACTERISTICS

Tnis subgroup discussed stabinty, contrel and hand-
g charactenstics to establish the current state-of-
the-art adentify problem areas, suggest approaches to
solptions and ddentity new technology required (as
opnosed o an adaptation of established technologies)

Equations of Mction - The nigid body equations of

motton forthe anrstip must includge the action of air on
the buil o a term uysgally ignored in airpiane analysis. A
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useful approach i1s 10 formulate Kirchoff's equations
and determine the energy of the airship and the fluid
medium in terms of the airship’s motion and geometric
shape. Other forces and moments in the equations of
motion include body forces such as weight and buoy-
ancy: aerodynamic forces on the hull, empennage and
gondola; control forces. both static and aerodynamic,
and all the corresponding moments. Additional terms
which must be included are gas lag motions and
meteorological eftects. These include adverse weather
conditions (winds. gusts. snow accumulation) as well
as changing ambient temperature and pressure.

Some of these inputs can be determined easily.
Others pose serious problems. Most ditficult to esti-
mate are the aerodynamic drag and lift forces on the
hult and their variation with angle of attack. To solve
tor these terms analytically, skin friction, pressure and
induced drag need to be accurately predicted. Aero-
dynamic litt estimates based on the pressure distribu-
tion in real flow. boundary layer. separation point and
downstream flow properties must also be accurate.
Lack of reliable analytic solutions in airplane studies
has led to extensive use of experimental techniques to
soiwve the relevant flow equations. Model experiments
will be required for airship analysis as well.

An additiona! aerodynamic problem is the prediction
of rudder and elevator etfectiveness because there is
little knowledge about flows around the empennage
including downwash, sidewash and hull blockage ef-
fects.

Once the equations of motion are determined and
kinematic effects included. the motion of the airship’s
center of mass and the airship’s attitude response can
be predicted. This permits trajectory analyses for linear
and curviiinear flight paths as weil as estimates of
open loop response to the various inputs described.

Pilot-Airship Dynamic Systems Analysis—This is a
recent technological development which mathemati-
cally models the ptlot as well as the vehicle and exter-
na! forces. Conventional automatic countrol theory is
then applied to analyze the behavior of the entire sys-
tem. including the pitot. The results indicate dynamic
incompatibihties and the hmitations of both men and
vehicle Although these techniques are Now developed
and appled  “eavier than air vehicles. they were not
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available to airship designers of the past.

The ability to model the dynamics of the airship, its
pilot and atmospheric disturbances can be used to Fre-
dict the limits of unaugmented stability and control
and the specifications of the automatic control Sys-
tems required. The need for flight-active cockpit dis-
plays, flight-director displays and flight instruments in
general can also be specified. Therefore, the adapta-
tion of these techniques to airship design should sig-
nificantly improve the stability, control and handling
characteristics of modern airships.

Stability Analysis--With the equations of motion for-
mulated, small perturbations can be analyzed to deter-
mine the stability of steady-state flight by expressing
the perturbational f -rces and moments in terms of the
corresponding perturbational-state variables and intro-
ducing suitable stability deviations. But there are sev-
eral problems. The fir#t is whether the Bryson expan-
sion can be used for the airship as it is for the airplane.
Even if it can, truncation errors must be analyzed. The
second problem area is the determination of the deriva-
tives. Analytical predictions of the derivatives with




respect to linear or angular accelerations can be based
on potential flow theory. However, those with respect
to the linear and angular rates arise from real fiow pro-
perties and therefore are very difticult to predict analy-
tically. In the past. only derivatives which could be ce-
termined experimentally were considered, while the
others were ignored. But this often led to only very ap-
proximate stability criteria. Clearly, new analytical and
numerical procedures or suitable experimental tech-
niques must be developed to determine these real fiow
derivatives. The sensitivity of the stabsity criteria to
the various stability derivatives can then be studied to
determine which derivatives must be known accurately
and which ones need only be approximated.

Structural Flexibility—Airships, as flexible structures,
could resonate and even fail if forced at the appropriate
frequencies by turbulence, motion in storms or even
active attitude controls. To design around this prob-
lem, one must analyze the first few fiexible modes of
the structure, the operating environmant and the inter-
action of the active attitude control system with the
structure. This flexibility analysis, when incorporated
into the rigid body equations of motion, would provide
a realistic model of airship performance never available
in the past.

There are many analytical and experimental prob-
lems, however, particularly the modeling of the hull as
an elastic structure and the flexibility corrections to the
stability derivatives. in addition, the coupling between
the latera! and longitudinal motions caused by the ef-
fect of the fluid on the airship prevents the decomposi-
ticn of the stability equations into two separate sets of
lateral and longitudinal equations as in airplane analy-
ses. As a result, the stability analysis and the develop-
ment of stability criteria are greatty complicated.

AUTOMATIC FLIGHT CONTROL SYSTEMS AND
COMPUTER CONTROLS MANAGEMENT

Modern automatic flight control systems were not
designed for airship applications and will have to be
modified to provide:

Automatic trimming to compensate for variations
in mass distribution, center-of-buoyancy shifts,
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gas density and temperature changes and atmo-
spheric pressure gradients

Stability augmentation

Altitude and attitude hold functions
Load/gust alieviation

Flight-director displays

Flight-crew station monitoring

Specific flight-path control programming

To perform these functions, the tlight control system
will need data on airship motion, structural loads, fuel
states, atmospheric conditions, gust direction and
magnitude, amount and distribution of ballast, buoy-
ant gas state, control and thrust settings, and the like.
Although available aircraft instruments can provide
much of this information, new sensors must be de-
signed or adapted from other uses to provide the addi-
tional data. The resuiting flight contro! and computer-
ized flight management systems will, however, provide
greatly improved handling (both in flight and for take-
oft and landing), and consequently improve overall
airship reliability and effectiveness.

Stability and Control Criteria— The:e were many inade-
yuacies in past airship analyses but much is still of use
today. However, new criteria must be developed, par-
ticularly in the areas of:

Static longitudinal stability

Directional stability

Control power about all axes

Vertical control power, accelerations and decele-
rations

Control required for trim about all axes

Cross-control ranges of acceptability
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Ground proximity phenomena

Limits of automatic control commands
Margins of control available for maneuvering
Dynamic stability about all axes

Speed stability as a function of angle-of-attack
and flight path angle

Propuisive moments

Both empirical and theoretical studies are needed to
provide these criteria for airships. Systems analysis
based on sound aerodynamic information can supply
the theoretical base, but simulation will be needed to
provide empirical data.

Requirements and Specifications—There are no gen-
eral military or commercial requirements or specifica-
tions for airships. These shou!d be developed to pro-
vide airship designers with much needed guidance.

Simulation—Simulation as we know it today was un-
known to the airship designers of the past but can be
applied to both identify and solve major problem areas.
Some uses would be to provide:

Clear identification of the dynamic interface be-
tween vehicle, pilot and guidance and control
systems

identification of unsuspected dynamic problems
Aid in training pilots and flight crews
Aid in establishing requirements
Very little new technology is required because air-
ship simulation can take advantage of techniques al-
ready developed for airplane simulation.
Research Projects — The stability and control subgroup

identified several other problem areas where further re-
search 1s needed:
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The violence of turbulence

Techniques other than ballasting and gas venting
for rapid altitude control

A means of conditioning gas to vary density

Alternatives to pure tail control

COMMENTS

After the workshop, draft copies of the report were
circulated to ail participants for review. The following
people provided extensive detailed reviews which were
most helptul: Jay S. Brown, Walter P. Maiersperger,
Norman J. Mayer, William McE. Miller, Jr.. Hepburn
Walker, Jr.. and Donald E. Woodward. Many others
responded with comments and suggestions. In most
cases, these were easily incorporated directly into the
text. In a few cases, however, the comments or recom-
mended changes were significant enough io be docu-
mented separately in this section with quotations from
participants’ letters where appropriate.

Changes in Text

Numerous editorial changes were made throughout
the text to clarify points, expand ideas. etc. These gen-
erally were in keeping with the concepts developed at
the workshop.

In the Operations Working Group Report, however. a
change in emphasis was made. The draft report
stressed the need for body restraint systems in flight to

69

(O

.
LSS}
»,

A~

e Rk m b e N Geode o Ee iy

-

IR T




RELE. N T

R.

protect passengers and crew from violent unexpected
airship motions. This was challenged by several par-
ticipants. the following comment being the most de-
tailed.

| know of no instance when a man was thrown oft his teet
aboard an aiwrship and | have flown 2000 hours

tn “What About the Airship”. Rosendahl states “An Air-
ship has no more need for seat of safety-belts than has the
largest steamer

In the summer of 1936. Mr P B. Basse! of Sperry Gyro-
scope Co made a frans-Atlantic fight aboard the Hinden-
burg during which he ran tests He concluded that ~"Normai
habits could be continued as though the passengers were
shil on land

B.sset was unable to record any readable acceleration
either on take-ctt or landing -even when flyinq through
wrbulent air - The maximum pitch angle in heavy cumulus
or thunderstorm weather was found to be from 5 to 10 de-
prees On the fight Basset made the airship stayed on an
oven keel plus or minus 2 degrees Such small angles are
net dgetectable in the passenger quarters One degree roll
W theoworst Basset could detect

Goodyear Aircraft published authentic figures showing
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the superiority of airships in acceleration loadings. There is
practically no shock or vibration as compared to other
modes. In an airship. cargo is subjected to 0.5g or less.
while ainplane maxi~ums can reach 5gs, trucks 8gs and
trains 20gs.

These facts and figures apply not only to passenger air-
ships. but also to airships carrying sensitive cargos. or
extremely sensitive detection and monitoring equipment.

| think the above facts make body restraining systems
unrealistic. Large passenger airships have no need for
thern and never had. Even small passenger blimps don't
need them

Hepburn Walker. Jr.

General Comments

The tollowing comments are addressed to the overall
emphasis and scope of the report. Mr. Maiersperger’s
comments, while not representing the views of most of
those who attended the workshop, are probably held by
many in the aerorautical community as a whole.

The emphasis of the report appears to be stated in the
reverse The report lauds the usefulness of buoyant aircraft
if only some way can be found to make them economic
The emphasis should be that buoyant arrcraft have proved
to be disappointing. except (1) for advertising by their
manufacturer. (2) by the Navy for anti-submarine work in
wartime only. a1d (3) by one lumbering firm as a substitute
fcr road building

The report should emphasize that all the commercial
success indicated by the Zeppehin Company operations in
the late 1920s and 30s (which led to an American-German
joint venlture being capitalized) has no relationship to the
safety requirements that would today prohibit such opera-
tons As for WWI naval biimp anti-submarine operatons.
touted as hugely successful no public 1.port appears to be
dvarilable as to why the US Navy discontinued them. despite
he greatest threat from submarnines from the most vic:ous
and mostimplacable enemy the free world nas ever known
Something s strangely mussing from the pubiic record as 1o
the Ligb:tt s of bhimp operatons  The report should state
trat ma o of the survellance missieons once considered
o tor the empioyment of bhimps are now bemng per:
remod by satellites Thus based on past perfarmance. the

n
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record of buoyant aircraft was so discouraging that it led to
their abandonment

The question then turns to whether new materials, power
plants or computational methods could provide sufficient
improvement to change the picture, to make them accept-
ably sate and economic. Again. the report should empha-
size that the answer 1s "'No"". The inherent bulk, low power,
low speed. allitude hmitations and poor controllability are
such great deficiencies. none could be improved suffi-
ciently to reverse the hindings. In particular. the ground
nandhng problems. so expensive ana destructive of Zeppe-
Iin operatiors in the past. have had no improvement what-
ever in the 37 years since the last commercial Zeppelin
flew The suggestion of the Enthusiasts. to ignore this
fundamental problem and to bulld vastly larger zeppelins
than ever belore. borders on complete irresponsibiiity

In view of the aemonstrated utter impracticalty of
buoyant aircraft for commercial usage (and leaving military
usage out of the discussion from this point forward) the
report must explain the apparent comimercial interest as
revealed m a few of the technical papers The answer is
that these papers each considered a very special apphca-
ton

The report should note that each of these possibie apph-
canons requires 4 different form of buoyant aircraft zeppe-
o transporter. captive balloon. and the Navy a fourth
type. the blimp it follows thal no one :tudy can lead to a
sclutton  Nor can one R&D type arcraft development
explore more than one possible application Each study or
exploratory buillding program will be unique to itself There
can be Iitle carryover possible 1in structure. propulsion.
fight operations. etc  from one applhicahon to another. as
each s different in matenals. structure. propulsion. con-
trol. speed. range altitude and method of carrying the
load

The one successtul apphcation the logging balloon 1s a
triumph of risk capital investment and the capitahstic sys-
tem It pomts the way 1o other possible successtul apphica
tons  The best course for government 1s to for'ow a tax
DOLCY favorable to corporations for investing n risk pnter
FOIAEN 21N

They above g e qist of what the report shogld emphg
e The rerginder s exceliont Dack o owith Bt one 1o
g Lt The report L 0Gebng o g e e
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stand just what the inherent imitations of buoyant aircraft
are trom a readirg of the workshop report. unless he
majored in buoyant aircraft design and operations. Some-
how. these must be explained in the workshop report.
Otherwise. the Congress and the American people may
never understand the reasons why only very discrete appl-
cations and expert engineering and operations can ever
lead to success in this most difficult field

Walter P. Maiersperger

The following comments by Mr. Miller point out the
general lack of knowledge of hybrids and their
problems during the working sessions. This was not
necessarily a fault of the workshop itself, but rather 2
result of the general lack of operating experience and
analysis of hybrid aircraft systems. This is clearly an
area where more research is required.

Taken as a whole. the working session partic.. ants were
comfortabie with classical airship matters Many had a long
famil.ar:ty with these concepts but understandably few had
any background in hybri's

This lack of backg ound plus the diversity 1n concepls
and varying depth of the papers presented at Monterey pro-
duced a type of agnosticism on the whole subject 1n some
working sessions (Operations totally ignored rybrids.)

The Raport has sufiered from this and it is insutficient to
rely on the Proceedings to bring out various views There
should be appropriate recognition of the two years of work
by Dewey Havill which. though preliminary. did provide a
clear economic case for hybrid lifting-body a‘rships Our
own engineering and flight tests with an optimized hull de-
cisively advanced iting-tody anships beyond the paper-
hybrid conceptuai ievel What false egalitarianism removes
th,s from the assessment of hybrids?

Aereon has spent over $500.000 in research and de-
velopment through manned fhight. which no other hybrid
nas achieved Havill's studies of hfting-body airships took
at least two man-years This i1s more knowledge and ex-
penence than i1s mndicated Dy the statement ‘'However,
oven less 1s known about hybrids The fact 1s that the
economics of conventional airships are very much in ques-
ton (Why else have they been so intle regaraed’y On the
other hand it 1s the techrology of hybrids which needs ex-
plorator Ggiven the apparent eCconomic potential whith is
indicated Researchis needed te verify the assumed stric
Lare o weight growth laws and to analyze predict and tes!
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stability and control.
In short. both technology and market research should
proceed concurrently.

William McF . Miller. Jr

Comments on the
Policy Working Group Report

The following represent the two predominant views
of how LTA development should proceed. The majority
of workshop participants would probably endorse Mr.
Brown's approach, although a significant and vocal
minority would probably feel that action, not studies,
are needed and needed now.

The policy group statement should emphasize the need
to begin a government sponsored flight research program
utilizing LTA vehicles which incorporate ihe latest equip-
ment. materials. processes and design procedures to pro-
vig. an adequate data base for the many. needed analytical
stug 5 in order to reduce the technical and economic un-
certa; “es of these studies. Without the real data base. the
credibiity of the paper studies will be impaired The
vehicles used should represent, to the extent economics
permits. the range of vehicle types which appear to have
real ment and the vehicles should be large enough to mini-
mize scale effects and the problems of data extrapolaticn
to the full-sized vehicles Included here would be rigid and
non-rigid, fully-buoyant airships and fixed and rotary wing
hybrids The criteria for these flight research vehicles
should be based on broad. market-research studies which
defir e the real needs for the ultimate vehicles. Because
such a study should be all-encompassing. 1t should be con-
ducted under the auspices of an aporopriate government
agency

Stephen J. Keating. Jr

The policy statement should stress that a market analysis
1s needed to determine whether there 1s any sense in pur-
suing LTA further The Economics Group recommended
this Technology noted this too. pointing oul that they could
not design any vehicle untii they had a market area and
cost envelope within which to work The Market Analysis
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group laid some guidelines for the effort.
! would Iike to suggest the following strategy for LTA de-
velopment:

a. Perform market analyses of potential LTA applica-
tons.

Identify unique or ‘‘best’’ (best being obvious areas
where an LTA vehicle could outperform any other
existing vehicle) roles for LTA applications.

. Further identify the most simple applications to im-
plement in terms of least technological development
required. estimated least costs, etc—that is, things
that are immediately “‘do-able’’ now given the state-
of-the-art involved.

Proceed with the required economic and techno-
logical studies and then decide whether to develop
the LTA vehicles for ihe purposes identitied or not

Once dedicated LTA vehicles are performing cost-effec-
tive services. some practical man will adaot one for
another p.srpose and complain about the iack of a vehicle
designed for his purposes. Then you have another new
market Additionally. this strategy would involve promoting
existing LTA apphcations to find other services they could
now perform Specifically what else could the tethered
logging anag communications balloons do now? What could
the Goodyear blimp do? If LTA is to fly, it must be sold and
every conferee i1s a potential salesman. Tethered bailoon
systems will eventually help sell aerccranes. aerocranes
could sell other hybrids or fully buoyant types for missions
they could do better. Essentially we need to help each
other

Jay S Brown

Comment on the
Economics Working Group Report

Mr. Woodward made the following comment cn the
Economics Group's lack of ability to get a handle on
airship costs.
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{ am not convinced hat all possib/e use has been made
of the traditional awcraft industry rule of guesstimating
“Dollars per pound empty, adjusted by prevailing wages.’
Pubnshed data on Akron/Macon actual costs. compared
with Goodyear quotes for the 3 million cubtc foot tranirg
rigrd of 1938. the 10 miilion cubic foot Navy cargo rigid
program of 1944, and the 10 million cubic foot Merchant
Airship proposals of 1946-48. fit this “ru'e’” quite closely
Projected to 1974, without allowing anything for the very
considerable increases in overhead rates since WWII.
these historical da‘’a suggest a cost per pound of empty
weight of somewhat over $100 for Zeppelin-type arships
with hand-riveted joints, whick 1s no doubt the most expen-
sive kind of airshio which coula be built (This would ve for
follow-on airships of a series. Goodyear would seem 1o
have estimated prototype shups. including design and Jraw-
in@s. attwice this cost ) On this admttedly snaky basis e
tanl stucies ought to be able to estimate the relative reduc-
nons attamable with different oining methods. different
Girder designs. use of metaiciad rather than Zepoein struc:
tire: etc

Donglct B Woodward

REPRODUCIBILITY OF THE
ORIGINAL PAGE [S POOR 76




.

N

e O A A U T AL T

=

P .

Comment on the
Operations Working Group Report

The following quote from Mr. Woodward's extensive
letter completes the major comments on the report.

The discussion of performing all servicing while a large
rigid airship 1s moored out. so it would only dock once a
year for major overhaul. IS SO oversimplified as to be mis-
leading. While engines have been changed at the mast.
even for large rigids. the job 1S considerably quicker and
easier in the shed. TBOs. of. e g.. the high speed Diesels
which are often suggested for airships tend to run around
500 800 hours in naval patrol boat service. which is but a
fraction of the projected’desied annual unhzation of the
big anships With a number of engines per alrship. the
oxtra oui-of-service tme for engine changes at the mast.
instead of i the hangar. would be of economiC signifi-
cance Gas cell changes were normally a part of major
mantenarce. and required removing the shear wires from
one o1 more paneis at the boticm of each bay being
changed [omng this ata mast would be strictly an emer-
gency measure. as the ship weuld be prevented from flying
by both structurdl and buoyancy detictencies. and must
therefore endure whatever weather occurs at the mast. 'n a
jess-than-pertect material condition It would also appear
dithcult to avoid losing most of all of the helwwm 1n the re-
placed ceii without the overhead deflaton piping used in
nangars This consideration would a'so affect helum
purging and/or purihication operations. although perhaps to
4 lesser degree

Gonald E Woodward
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SUMMARY AND
ANALYSIS

LTA does offer great potential as transport for both
civilian and military apptications. Although further re-
search is needed to develop advanced LTA vehicles,
the technology is in hand to build and operate modern
airships today that would be considerably better than
those of the past. The key question is whether these
modern airships make sense economically.

It is clear that unmanned LTA lifting devices can be
produced and operated economicatly. But the viability
of large manned airships is stiil uncertain. Because
there is no real economic data on costs and per-
formance. estimates of airship economics vary widely.
Ultimately. an airship must be built and operated to
provide hard data.

But before actual development and construction.
ngorous market analysis should be performed to de-
termine what groups would use airships under what
conditions. By looking at potential airship applications
and determining what cost and pertormance character-
istics are needed for airships either 10 capture roles
now pertormed by other vehicles or to carve out new.
unique applications. design specification can be
evolved Designers can then estimate whether or not
arrships can be built 1o mee* these specifications. |t
not. there 1s no need to build operatioral vehicles.

Yet not every new concept or invention comes out of
market analysis Therefore. market research shouid be
paralleled by continued techmcal investigation of new
systems. subsystems and fundamentals which could
leat to new or amproved concepts These, i turn.
could tead tc new markets and missions

Because of the patential national henefits of airships
tor both civithan and military agphcatiors. the federal
qovernment as well as private industry snould fund thes
market analysis (as well as be ready 10 support devel
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, opment. if the marke} analysis is positive). The basic : /
. market analysis wouljl be relatively in xpensive, prob-
K f : ably less than one milion dollars, an is the next logi-

cal step in developinp a modern airship system.




-

T e A e L e R T Ty TN A T SR T I T R L e T e

ATTENDEES |

Henry R. Ahlgrim
1640-1/2 Francisco St.
Berkeley, Ca. 94703
(415) 848-6772

M. Julian Allen
Consultant

769 Melvilie Ave.
Palo Alto, Ca. 94301
(415) 321-9187

R. S. Andrews

RAdm.. USN (Ret.)

315 Alberta Way
Hilisborough, Ca. 94010
(415) 343-2850

Mark D. Ardema

Aerospace Engineer

NASA Ames Research Center
MS-202-7

Motfett Field. Ca. 94035
1415) 965-5887

Lisa Aschmann

321 National St.
Santa Cruz. Ca 92507
(408) 427-1258

Robert L Ashford

Capt . USN (Ret)

Advisory Engineer. Electronics
Wartare Dept

Westinghouse Deferise ¢ nd
Electronits Systems Center

P O Box 746

Baltimore-Washington International
Arport

Baltimore. Md 21203

(301) 765-6752

Raymond A. Ausrotas

Assoc. Director, Flight
Transportation Laboratory

Massachusetts Institute of
Technonlogy

Room 33-412

Cambridge, Ma. 02139

(617) 253-7574

Jack T. Avery
Systems Analyst

Naval Undersea Center
Code 14

San Diego. Ca. 92132
(714) 225-6653

David B. Bailey

Aerospace Engineer

Naval Air Development Center
Code 3015-%

Warminster. Pa. 18974

(215) 672-3000. ext. 22212326

R S Bailey

Dept Manager/SETL

TRW Systems

RS/ 2261

1 Space Park

Redondo Beach. Ca 90278
(213) 535-2086

Jacqueline BalaskoviC
Engineer

CNRS

91.370-Vernerres le Bu.sson
B P N

Frarce

920 10-60

80

P Sy T

J P S S



#\ « §
] .
e i i - — - e e o . T ...‘.A....mwuww‘r
‘. . 'g
~. 3
?
N
Pierre Balaskovic M. T. Bowe Q /
Engineer, Project Manager San Jose Mercury News $
O.N.E.R.A. 705 Ridder Park Dr.
29 Ave. du Gen. Leclerc San Jose, Ca. 95131
* 92-Chatillon sous Bagneux (408) 289-5000
, France 3
' 253-50-80 Daniel E. Brady -
o Airship Rigger, USN (Ret.) ' !
' 6695 Hazel Green Rd., N.E. H ’
e George J. Beier Salem, Oregon 97303 $
) Economist, Transportation and (603) 393-5617 ! , ¢
5. Urban Projects Dept. John W. Brainard

International Bank for

. Reconstruction and Development
1818 H St., N.W.

Washington, D.C. 20433

Special Agent, Investigative Service
Dept. of Defense
Maval Postgraduate School

p.O. Box 8687 !
(202) 477-5334 Monterey, Ca. 93940 '
(408) 373-3047
N. T. Bennett
Cdr., British Navy Staff John J. Branson, Jr.
P.O. Box 4855 Asst. Professor, Aviation Safety
Cleveland Park Station Naval Postgraduate School
Washington, D.C. 20008 Code 034
4 (703) 920-8950 Monterey, Ca. 93940
] (408) 646-2582
t Fred T. Berry Jay S. Brown
! Quest Reseaich Corp. Director. Program Development
1315 Stone Meadow Way Division

! Vienna, Va. 22180

Military Sealift Command
(703) 790-5800. ext. 225 Dept. of the Navy

M-63
Washington, D.C. 20390

C. J. Berthe, Jr.
| 202) 282-2824
Cdr.. Special Asst. (Air Programs) (202) 282-28

; Otfice of the Asst. Secty of the Joe H. Brown. Jr.

Navy. R&D Manager. Flight Systems Tech. 3
Room 4875 S 1
Pentagon Batierle Columbus Laborator

h a olumbus oratories
washington, 0.C. 20350 505 King Ave.

(202) 695-6913 Cotumbus, Oh. 43201

(614) 299-3151_ ext. 2591
Frederick Bloetacher

Systems Engineer Paul M. Browne
Goodyear Aerospace TAW Systems
Dept. 915G R5/2170
1210 Massillon Rd. 1 Space Park
Akron, Oh. 44315 Redondo Beach, Ca 90278
(216) 7947446 (213) 535-1772
81 *




|

Robert W. Buchheim

Deputy Asst. Director, NWT Bureau

Arms Control & Disarmament
Agency

320 21st St., NW.

Washington, D.C. 20451

(202) 632-2069

Ben Cagle

Oftice of Naval Research
1030 E. Green St.
Pasadena, Ca. 91106
(213) 795-5971

D. E. Calkins

177 Wilson, #68
Albany, Ca. 94710
(504) 574-6435

Bernard H. Carson

Professor, Aerospace Enginec:ing
U.S. Naval Academy

Annapolis, Md. 21402

(301) 267-3285

Emilio Castanon-Pasque!

Director. Dept. of Social and
Institutiona! Development

Organization of American States

17251 St., N.W., Room 905

Washington, D.C. 20006

(202) 381-8541

George M. Christner

Vice President, Technical Services
Megalifter Co.

P.O. Drawer J

Goleta, Ca. 93017

(805) 964-8573

Frank M. Clark
President

Megalifter Co.

P.O. Crawer J

Goleta, Ca. 93017

(805) 964-6573, 964-3773

William A. Clugston
USN (Ret )

19200 S. Marnn St.
Gardena, Ca 90248

Walter V. Collins

Noise Abatement Ofticer

Los Angeles Dept. of Airports
1 World Way

Los Angeles, Ca. 80009

(213) 646-2242

Andrew J. Compton
Lt. Cdr., USN

Naval Undersea Center
Code 1511

San Diego, Ca. 92132
(714) 225-7595

Stephen Coughlin

Research Otficer, Centre for
Transport Studies

Cranfield Institute of Technology

Cranfield, Bedford

England

Bedford 750111, ext. §25

Arthur G. Crimmins
Manager, Aerocrana Program
All American Engineering Co.
P.O. Box 1247

801 S. Madison St.
Wwilmington De. 19899

(302) 654-613'

Richard F. Cross, 1l

Special Asst. to the Administrator
Federal Aviation Administration
AQA-10

800 Independence Ave., S.W.
washington, D.C. 20591

{202 426-3375

Edward Cullen
274 Church St.
Toronto, Ontario
Canada

(705) 364-3530

John Curry

Staff Engineer

United Airlines

Code SFDEG

San Francisco International Aiwrport
San Francisco. Ca 94128

82

T T VP R W 3 7 IR ST, - VD TR VO




Leonardo A. DaSilva

Chief, Industry and Infrastructure
Section

Interamerican Development Bank

801 17th St., N.W.

Washington, D.C. 20577

(202) 3562-5071

Arthur C. Davenport
President

Dynapods. Inc.

P.O. Box 2568

New Orleans, La. 70176
(504) 899-8086

Frank Dellamura

Enginear

Grumman Aerospace Corp.
Bethpage. N.Y. 11714
(516) 575-1294

D. H. Dennis

Deputy Chief, Systems Studies
Division

NASA Ames Research Center

Moftett Field. Ca. 94035

(415) 965-5358

Donald B. Doolittle

Director. Aerocrane Program
All American Engineering Co.
P.O. dox 1247

801 S. Madison St.
Wimington, De. 19899

(302) 6£4-6131

L. L Dougias

Asst 1o the President
Boeing-Vertol Co
P31-09

P O Box 16858
Phitadeiphia. Pa 19142
12153 5222220

Hubert M Drake

Chiet Aeronautics Drasion
NASA Ames Research Center
MS.227-4

Moftott Field Ca 94035
1415) 965-5851

John L. Duncan

Professor, Mechanical Engineering
McMaster University

Hamilton, Ontario L8S 4L7
Canada

(416) 525-9140, ext. 4294

Richard M. Dunlap

Director for Plans and Analysis
Naval Underwater Systems Center
Newport, R.I. 02840

(401) 841-3813

George P. Durney

Program Manager, Aerostats
ILC Dover

350 Pear St.

Dover, De. 19901

{302) 674-4020, ext. 345

D. S. Elbourne

Divisional Director

John Laing Consiruction Ltd.
Page Street

London NW7 2ER

England

Harold C. Engen
Design Engineer
MITRE Corp.
MS-08255

Box 708

Bedford. Ma 01730
(617) 271-2756

L M Epps

Asst Dirertor. Advanced Civil
Systems

Grumman Aerospace Corp

Plant #5. Depl 664

Bethpage. N Y 11714

(516) 575-1294

Michael O Evanick
Field Representative
Othice ot Naval Research
Federat Bidg

Ft Snelhing Mn 55111
1612y 725-466)




John S, Ewins

Research and Development
Canadian National Railways
2 Westbourne Ave.

Acton, London W3 6JL
England

01-992 2443

Joseph E. Fielding

Lt. Col.. Canadian Defense Liaison
Staff

Senior Staff Officer. Aeronautical
Engineering

2450 Massachusetts Ave. N.W.

Washington, D.C. 20008

(202) 483-5505, ext. 296

F. Hamilton Fish, Jr.

Christina Laboratory

E.1. duPont de Nemours & Co., Inc.
Wiimington, De. 19898

(302) 774-0714

Louis J. Free

Special Assistant (Planning}

New Londcn Laboratory

Naval Underwater Systems Center
New London. Ct. 06320

(203) 442-0771, ext. 2454

William R. Fromme

Policy Analyst. Office of Aviation
Policy

Federal Aviation Administration

AVP-210

Washington. D.C. 2059

(202) 426-3420

John O Furber, Jr.
286 Crescent
San Francisco, Ca. 94110

Roy P Gibbens

Product Design Engineer
Taylor Instrument Co
Gilen Bridge Rd

Arden, N C. 28704

(704) 684-8111

Lou Gitfix

Economist

Dept. of Transportation
TPI-9

Trans Point Bldg.
Washington, D.C. 20590
(202) 426-4203

Michael Goodman

Management Consultant

929 Massachusetts Ave., Apt. 10F
Cambridge. Ma. 02139

(617) 661-0182

Stuart A. Gordon
Consultant

492 Townshend St.
St. Lambert, Quebec
Canada

(514) 672-2979

Lawrence P. Greene

Assistant for Aeronautical R&D
Dept. ot Transportation

TS7-7

400 7th St.. S W

Washington, D.C. 20590

(202) 426-4516

Bernard Grochal

Aerospace Engineer. Airframe
Branch Engineering and
Manufactunng Division

Federal Aviation Administration

AFS/120

Washington, 0.C. 20591

(202) 486-8382

L R "Mike” Hackney

Technical Task Force on Lighter
Than A

Southern Califormia Aviation
Councit. Inc

¢ o World Air Show

P O Box 1976

Pasadena Ca 91109

(213) 795-8150

84




Norman D. Ham

Protessor, Aeronautics and
Astronautics

Massachusetts institute of
Technology

Room 33-410

Cambridge. Ma. 02139

(617) 253-2423

David Hanchet

Project Officer

Transportation Deveiopment Agency
2065 Union Ave.

Montreal, Quebec H3A 2C3

Canada

(514) 283-7815

George S. Handler
Consultant

Naval Weapons Center
Code 35034

China Lake, Ca. 93555
(714) 939-3993

gEdwin E Hanson

Cdi.. USN

Office of the Chief of Naval
Operations

Dept. of the Navy

OP-961C31

Washington, D.C. 20350

(202) 697-0059

Michae!l Harper

Aerospace Engineer

NASA Ames Research Center
MS-202-7

Motlett Field. Ca. 94035

(415) 965-5887

Jack P MHarns

Pinkerton Computer Consultants
65 W Street Rd

Warminster Pa 18974

12151 656-3100

85

i

Robert Harthoorn

Gen. Manager, Equipment Control
AC.L.

Holiand America Line

Postbus 977

Rotterdam

The Netherlands

010-392370

JUFRENPRERS, URE- 7 TR PNy WOUE PRI 1

C. Dewey Havill
NASA (Ret.)

22330 Holt Ave.

Los Altos, Ca. 94022 .
(415) 967-4858 )

David C. Hazen

Professor, Aeronauticat Engineering A
Princeton University !
Engineering Quadrangle

Princeton, N.J. 08540

(609) 624-5532

Stewart Herod
Advertising Director

All Canadian Bimp Co.
607 Young St , Suite 306
Toronto. Ontario
Canada

(416) 878-5962

Heather Campbell Hinton

Asst Political Scientist, Economics
Dept

Rand Corp

1700 Main St

Santa Monica. Ca 90406

(213) 393-0411. ext 439

John R Hooper. Jr

Asst Program Manager. Arr
Systems

Naval Undersea Center

San Diego. Ca 92132

(714) 225-6377

R L Hotaling

President

Haotahng Corp

PO HBov 28816

Sandy Spring. Ga 30328
1404) 252 4240

e

TP T T P

-t.*m&x da i

P




Halph Huston
Engineering
Goodyear Aerospace
Dept. 461D
1210 Masstilton Rd.

‘ Axron, Oh. 44315
(216) 794-4773

Lee Jamison

Marketing Manager. LTA Systems
Sheldahl, Inc.

North Highway Three

Northfield, Mn. 55057

(507) 645-5633

Bruno Joner

Project Engineer
Boeing-Vertol Co.

P O. Box 16858
Philadelphia, Pa. 19142
(215) 522-3201

S P Jones

Manager, Aerostat Systems
TCOM Corp

P O Box 1797

Baltimore Md 21203

Witham A Jones

Md) . USA

Operations Research Analyst,
Military Trathic Management
Command

Transportation Engineenng Agency

PO Box 6276

12388 Warwick Bivid

Newport News Va 23606

(H0a BTR 866

Geralil G Kayten
Oreectar Stud, and Anaglysis Othice
NASA Hotguarters,

Stephen J. Keatinr;, Jr

Program Manager, Airborne Heavy
Lift Transport Systems

Combustion Engineering. Inc.

1000 Prospect Hill Rd

Windsor. Ct. 06095

(203) 688-1911, ext 620 !

Arthur O. Korn R
Aerospace Engineer :
Awr Force Cambridge Research

Laboratory
l.. G Hanscom Field
Bedford, Ma. 01730
(617) 861-3474

Mitan J K.asnican
Aerospace Technologist
NASA Headquarters
Cnde RX

600 Independence Ave.
Washington, D.C 20546
1202) 755-3227

R H Knda

Acting Director. Advanced Concepts
waval Air Systems Command
AIR-Q3P3

Washington. D C 20361

1202) 692-7393

LG Laming

Mechanical Engineering Dept
impenal College

South Kernsington. London SV 7
Engrand

0151895111

Thomas G Lang
Maochanical Engineer
Naval Undeaseg Center

Covie KOR

San Miegn Ga 92132
T13 205 Hhavy

Vor am A Lannen Jr

e Ry Dt A Vene i Tech Dopt
GO e e danop Ayn o A Deget pmeat Center
Moanthingt o () 6 20644 Verrr atee Py YRGS
T TRERNen VTS0 et M0 PR
_‘ 86
|
)
{
|
msessnnssiumnte ‘




T Mg T AT T
e

b

W

]

) [
t
- \ v v
N
S
S
- !
>
K 1 .
\lb
A}
- - -~
.
o
3
'\
w
5 ’
4
]
i
1
i
f ]
i
1 i
)
!
.
SRy SR,

Harold M. Larsen

Head, Concept Development Branch

Naval Weapons Center
Code 4511

China Lake, Ca. 93555
(714)939-7412/3

Hal Lawrence
President

Hal Lawrence, Inc.
Town & Country Village
Palo Alto, Ca. 94025
(415) 326-2000

Jane Lawson

Economist

Dept. of Transportation

400 7th St., S.W., Room 10305

Washington, D.C. 20580

(202) 426-4436

Donald M. Layton

Assoc. Professor, Aeronautics
Naval Postgraduate Schod!
Code 57

Monterey, Ca. 93940

1408) 64€-2997

Leslie K. Lear

Director. Government Marketing
ILC Dover

350 Pear St.

Dover. De. 19901

(302) 674-4020. <2t 335

Richard Leavitt. Jr

Lt Cdr  USN

Surtace Systems Technical Otticer
Naval Undersed Center

569 Berland Way

Chula Vista Ca 92010

(7141 225-7595

Thomas H Lee

Vice President. Scientific Systems
Pk ertan Computer Consultants
6h W Street Rdg

Warmmster Pa 18974
121516563100

87

Richard Leger

Reporter

Wall Street Journal

220 Battery St.

San Francisco, Ca. 94941
(415) 433-3200

Ben B. Levitt

Director, Tactical Systems Division
Operations Research, Inc.

1400 Spring St.

Siiver Spring. Md. 20910

(301) 588-6180 ’

Stephen E. Lewis
Attorney

Schiff, Hardin & Waite
7200 Sears Tower

233 S. Wacker Dr.
Chicago. Il. 60606
(313) 876-1000

Jack Liebster

Regional Planner

Association of Monterey Bay Area
Governments

441 High St.

Santa Cruz, Ca. 95060

(408) 373-8477

1. Linder

RAdm., USN
Superintendent

Naval Postgraduate School
Monrterey, Ca. 93940

{408) 646-2511

Oscar E Loeser

Cdr . USN (Ret )
4849 55th St

San Diego Ca 92115
(714) 582-9084

Charteos Lambard
ety Counset
Corats Anranautic 5 & Spare

Cogene e Comnuttes

P en Brag Suite 231
Voachongton D C 20510
AR iy

e RRE el it B PN R

L et i MBI S 60w




SRS T T AN TR T DR TR

.

Ronald L. Luebke
Director

Turbo Machines, Inc.
P.O. Box 2157

Mission Viejo, Ca. 92675
(714) 586-2000

Keith McElwain

Lt. Col., USA

Technical Cirector, DOD
Containers Systems Division
Office

Commander. Army Materiel
Command

AMC-PM-CS. Attn. McElwain

5001 Eisenhower Bivd.

Alexandria, Va. 22333

(202) 274-8804

Dal V. Maddalon

Aerospace Engineer

NASA Langley Research Center
Hampton. Va. 23665

(804) 827-3838

Joet Maeks
Technical Statt
MITRE Corp.

MS-B 260

P.0. Box 208
Bedtord. Ma. 01730
(617) 271-4979

Walter P. Maiersperger
Lt. Co!.. USAF (Ret)
2 Forest Knoll Rd.
Monterey. Ca. 93940
1408) 625-2026

Fendall Marbury
Naval Architect
Ketron Inc

1400 Wilson B ivd
Arhington Va 22209
1703)527-4200

Henry S. Marcus !
Asst. Professor, Marine Systems :
Center for Transportation Studies ;
Massachusetts Institute of {
Technology
Room 5-207
Cambridge, Ma. 02139
(617) 253-5151

e i

Walter F. Martin

Scientitic Officer, Project Skyhook
Oftfice of Naval Research

800 N. Quincy St.

Arlington, Va. 22217

(202) 692-4218

Alfred C. Mascy

LTA Workshop General Chairman
Aerospace Engineer

NASA Ames Research Center
MS-202-7

Motfett Fieid, Ca. 94035

(415) 965-5887

Lynwood May

Physicist

Naval Postgraduate School
13488 Paseo Terrano
Salinas. Ca. 93901

(408) 484-1873

Norman J. Mayer

Program Manager. Advanced
Concepts and Composite
Matenals

NASA Headquarters

Code RWS

600 Independence Ave . S W

Washington, D C 20546

(202) 155-3280

Catmen J Mazza

Head Fhght Dynamics Branch
Na.al A Development Center
Code 3015

vooounster Pa 18974

i 672-9000. ext 2326

88

N |




L - i g |3 o A B 5 TS, 8

(L AN S

Leonard E. Mellberg

Research Physicist

Naval Underwater Systems Center
PA 2

Newport, R.l. 02840

(401) 841-2660

James Menke

Manager, Tethered Aerostat Systems
Sheldahl, Inc.

North Highway Three

Northtield, Mn. 55057

(507) 645-5633

Marvin Miles
Aerospace Writer

L. A. Times

202 W St.

Los Angeles, Ca. 90053
(213) 625-2345

Edward Miller

Aeronautical Engineer

Air F orce Syste'ns Comrnand

FTD-FNXS

Wright-Patterson Air Force Base,
Oh. 45433

513y 257-3342

Stan Miller

Public Atfairs Officer

NASA Ames Research Center
MS-204-12

Moifett Field. Ca. 94035
(415) 965-5091

Willram McE. Miller, Jr.
President anu Treasurer
Aereon Corp

1 Paimer Square
Princeton, N J 08540
16091 921-2131

A G. Moncrief!

Technica: Controller
Consohdated Goltd Fields. Ltd
43 Moorgate

London EC2R 6BQ

England

01-606-1020

89

C. Frank Mosner

President

Moshes Ballcon Systems, Inc.
2026 Westwood Lane

Eugene, Or. 97401

(503) 343-9021

Edwin Mowforth

Design Director, Airfloat Transport
Ltd.

Lecturer, Mechanical Engineering

University of Surrey

Guildtord, Surrey

England

Guildtord 71281, ext. 371

Fred R. Nebiker

Manager, Aeromechanizal Systems
Goodyear Aerospace

Dept. 915G

1210 Massillon Rd.

Akron, Oh. 44315

(216) 794-2294

Thomas F. Neu

Aerospace Engineer

Naval Air Development Center
Code 3033

Warminster, Pa. 18974

(215) 672-9000, ext. 2866

Richard D. Neumann

Chairman. Technical Task Force on
Lighter Than Air

Southern Cahfornia Aviation
Council, Inc

c/o World Air Show

P.O. Box 1976

Pasadena, Ca 91103

(213} 795-8150

John B Nichols

President

United Techmical Industries
132 3ra St

Manhartan Beach. Ca 90266
1213) 372-0816

e 8

-,

ot~

-~

-

A




Jack N. Nielsen

President

Nielsen Engineering & Research, Inc.
510 Clyde Ave.

Mountain View, Ca. 94043

(415) 968-9457

Hans W. Nykamp

Asst. Manager

Gerrnan National Tourist Office
323 Geary St.

San Francisco, Ca. 94102

(415) 986-0796

Michael F. Odell
Engineering Technician
Naval Postgraduate School
Code 57

Monterey, Ca. 93940

(408) 646-2997

George J. O'Hara
Consultant

Naval Research Laboratory
Code 8403

Washington. D.C. 20375
(202)767-3158

Richard G. O'Lone

Bureau Chief, Aviation Week &
Space Techno.ogy

McGraw-Hill Publications Co.

425 Battery St.

San Francisco, Ca. 94111

(415) 362-4600

E T Otsen

Attorney

Schitf. Hardin & Waite
72C0 Sears Tower

233 S Wacker Dr
Chicago. I! 60606
(312)876-1000

George Papst

Engineer

Papst-Motoren K G

D-7742 St Georgen im Schwarzwald
West Germany

07724-811

Hermann Papst

President

Papst-Motoren K.G.

D-7742 St. Georgen im Schwarzwald
West Germany

07724-811

Raiph Paskman

Proaucer, CBS News/60 Minutes
CBS. inc.

524 W. 57th St.

New York, N.Y. 10019

(212) 765-4321, ext. 3003

Ashton M. Patterson

Deputy Chief. Defense Research
Canadian Defense Liaison Staff
2450 Massachusetts Ave., N.W.
Washington, D.C. 20008

(202) 483-5505. ext. 301

Robert L Paullin

Chiet. R&D Policy Implemertation
Division

Otfice of R&D Policy

Dept. of Transportation

TST-13

400 7th St.. SW.

Washington. D.C 20590

1202) 426-9547

V. Paviecka

Technical Task Force on Lighter
Than Air

Southern Cahforma Aviation
Councit, Inc

c:o World Air Show

P O Box 1976

Pasadena Ca 91109

1213) 795-8150

Russel G Perkins. Jr

Aircralt Concepts Manager
Naval Air Systems Command
AIR.03P32

Washington D C 20361
(202)692-7393 4

90




« -

s+ —— ——— 1 oS M BT

Richard H. Petersen
Senior Research Engineer

Nielsen Engineering & Research, Inc.

510 Clyde Ave.
Mountain View, Ca. 94043
(415) 968-9457

Frank N. Piasecki
President

Piasecki Aircraft Corp.
Istand Road
international Airport
Phitadelphia. Pa. 19153
(215) 365-2222

S. Joseph Pipitone

Asst to the Chief Engineer
Goodyear Aerospace

Dept. 915G

1210 Massiilon Rd.

Akron. Oh. 44315

(216) 836-4450

Russell A. Pohl
Vice President
Raven Industries, Inc.
P.O Box 1097
Sioux Falls. $.D. 57101
(605 336-2750

Howard L. Power. Jr.

Asst Protessor. Aeronautics
Naval Postgraduate School
Code 57

Monterey. Ca. 93940

1408) 646-2847

Kenneth J Powers

Systems Analyst

Nava Electronics Laboratory Center
Lode 232

San Diego. Ce. 92152

17741 225657

Genrege Rappaport
Toonoweal Reprasentative
ILC Dovenr

60 Peoar St

Dover Qe 19900

V20 674 4020 ext 335

91

——]

Harold €. Reed

Project Engineer. Range
Measurements Laboratory

MU 716

Patrick Air Force Base. FI. 32925

(305) 494-2681

Frank J. Regan

Supervisory Aerospace Engineer
Naval Ordnance Laboratory
Bidg. 402-201

Siiver Spring. Md. 20910

(301) 394-2056

Ronald D. Resch

Assoc Research Profecsor.
Computer Science

University of Utah

Salt Lake City. Ut. 84112

18011 581-8224 /6139

C.B. Rice(Mrs E. T)
Prysicist

Physics Research Division
24 Belair Rd.

Wellesiey, Ma 02181
16171 861-3104

L P. Richards

Director

Aifloat Transportation. Ltd
10 Glynswood

Portsmouth R

C.amberiey. Surrey
England

01-759-5511 . ext 21901

Paut O Robhernts

Erotegaor and Director Center for
Transportatinn Studhes

Massdarhusetts Inghtyte of

Toohnoaa,

Mo & 2N4

Controgge Ma (02139

et S 20837101




P

|
e

i

s id o U LI

John Roda

Technical Task Force on Lighter
Than Air

Southern Califoinia Aviation
Council, inc.

c!o World Air Show

P.O. Box 1376

Pasadena, Ca. 91109

(213) 795-8150

Charles E. Rosendahl
VAdm., USN (Ret.)
Flag Point

Toms River, N.J. 08753
(201) 244-1102

Robert S. Ross

Environmental Structures, Inc.
7600 Wali St.

Cleveland, Oh. 44125

(216) 524-9270

Harry L. Runyan

Asst. Chief, Structures & Dynamics
Directorate

NASA Langley Research Center

MS-188

Hampton. Va. 23665

(804) 827-121

Ralph L. Santi

Lt. Cdr., USN

Systems Analysis Tech. Officer
Naval Undersea Center

Code 154

San Diego, Ca. 92132

(714) 225-7595

J. F. M. Schatt

Dipl.-Ing.

Leiter der Zentralabteilung
Luftfahrttechnik und der
Flugbereitschatft
Obarpfaffenhofen

Deutsche Forschungs-und
Versuchsarstalt tur Luft-und
Raumfahrt e. V.

D-8031 Oberpfattenhofen

Post Wessling

West Germany

08153/28882

John J. Schneider

Manager, Preliminary Design
Boeirg-Vertol Co.

P.O. Box 16853
Philadeiphia, Pa. 19142
(215) 522-3201

Ralph Schneider

President

Canadian Airship Deveiopments
55 Glenconneron Rd.

No. 21 Thornhill

Ontario 63T 1P2

Canaca

(416) 881-0737

Melvin H. Scott, Jr.
Mechanical Engineer
Naval Weapons Center
Code 4008

China Lake, Ca. 93555

C. J. Seiberlich

RAdm., USN

Director, Naval Aviation Programs
Division

Dept. of the Navy

OP 51

Washington, D.C. 20330

(202) 697-5507

James J. Sejd

R&D Program Manager, Naval Sea
System Command

Dept. of the Navy

Code 03222

Washington, D.C. 20362

(202) 692-8540

Howard Sharpe
4925 Dufferin St.
Dowinsview, Ontario
Canada M3H 5T6

Duncan Sheldon

President

Transportation Technology, Inc.
37 Pleasant St.

Marblehead, Ma. 01945

(617) 631-0793

92

o ..

a3y

b e 0

s Dl Mma AN Wit ik M8

B 2 i




-~

~

N

R. L. Shelver

Cdr. and Naval Attacihe
Embassy of South Africa

305 Massachusetts Ave., N.W.
Washington, D.C. 20008

(202) 232-4400

Robert W. Simpson
Professor and Director, Flight
Transportation Laboratory
Massachusetts Institute of

Technology
Room 33-412
Cambridge, Ma. 02139
(617) 253-3756

James A. Sizemore

Supervisor. Mechanicai Engineering
Naval Weapons Laboratory
Dahigren, Va. 22448

(703) 663-8591

CynthialL. Smith

Aerospace Engineer

NASA Ames Research Center
MS-202-7

Moffett Field, Ca. 94035
(415) 965-5887

Eugene A. Smith

Senior Engineer

Northrop Research & Technology
Center

3401 W. Broadway

Hawthorne, Ca. 90250

(213) 675-4611, ext. 4881

Miies Sonstegaard

Assoc. Professor, Economics
College ot Business Administration
University of Arkansas

BA 235C

Fayetteville, Ak. 72701

(501) 575-2855

Clinton L. Spindler

Head, Concept Analysis Branch
Naval Weapons Center

Code 4512

China Lake, Ca. 93555

(714) €39-7240

93

Kurt R. Stehling

Science & Technology Advisor, NOAA

Dept. of Commerce
MR 6

Rockville, Md. 20852
(301) 496-6907

Robert E. Stevenson

Oceanographer, Office of Naval
Research

Scripps Institute of Oceanography

La Jolia, Ca. 92037

(714) 453-2000, ext. 1276

Albert M. Stone

Director, Advanced Research
Projects

Applied Physics Laboratory

The Johns Hopkins University

6621 Georgia Ave.

Silver Spring, Md. 20910

(301) 953-7100, ext. 3037

Richard S. Stone
Sensor Research

Arthur D. Little, Inc.

15 Acorn Park
Cambridge, Ma. 02140
(617) 864-5770, ext. 2956

D. L. G. Sturgeon

Research Supervisor, Textile Fibers
Dept.

duPont Experimental Station

E. I. duPont de Nemours & Co.. Inc.

Bidg. 262
Wilmington, De. 19898
(302) 772-3376

James G. Sutton

Senior Sales Engineer
Hamiiton Standard
Windsor Locks, Ct. 06096
(203) 623-1621, ext. 8933

Edwin S. Tankins
Supervisory Metailurgist
Naval Air Development Center
Warmingter, Pa. 18974

(215) 672-9000, ext. 2808/9

ot .t e 9 Alaa e B

e e ——— e




IR

B

1 |’,'

e

% LA

lq!“l

ki

t

SIALCER L AT IR

¢
‘. .
¢ Rf
AL
i v
¥ \ "f\\
\" L]
¥'~5'

Robert M. Taylor

Aerospace Engineer, Advanced
Concepts Office

Naval Ship Research & Development
Center

Code 117

Bethesda, Md. 20084

(202) 227-1710

Henry Thornton
Broker

Allied Brokers
P.O. Box 2253
Dubilin, Ca. 94566
(415) 829-1212

Curtis E. Tucker. Jr.

President and Director o,
Engineering

Tucker Airship Co.

13218 Lake St.

Los Angeles, Ca. 90066

(213) 398-6907

C.N. Tuomela

Capt., USN

Director, Aviation Satety Program
Naval Postgraduate School
Momoarey, Ca. 93940

(408) 646-25811/2/3

Keppie J. Turner

Manager, Special Products
Otis Engineering Cerp.
P.O. Box ,4380

Dallas, Tx. 75234

(214) 242-866R, ext. 218

J. Gordon Vaeth

Director, Systems Engineering

National Environmental Satellite
Service

NOAA

Washington, D.C. 20233

1301) 763-5166/2724

A.B.vanTime
President

Arctic Helifloat, Ltd.
2104 Tenth Ave., N.W.
Calgary, Alberta
Canada T2N-1G5
(403) 289-6951

John C. Vaughan

Operations Research Analyst
Naval Air Systems Command
AIR-03P3

Washington, D.C. 20361
(202} 692-7392

Genevieve Vinas-Espin

Chef de Service

Aerospatiale

12 Rue Beranger

92320 Chatillon-sous-Bagneux
Erance

655-54-u, ext. 2319

Donan L. Vittek

L. TA Workshop Manager

Massachusetts Institute of
Technology

92 Mill St.

Newton Centre. Ma. 02159

(617) 969-1920

Joseph F. Vittek, Jr.

i..TA Works.op Director

Asst. Prof. and Assoc. Director,
Flight Transportation Labora‘ory

lAassachusetts Institute of
Technology

Room 33-404

Cambridge, Ma. 02139

(617) 253-7572

Woldemar Voigt

Operations Analyst

Naval Ship Research & Development
Center

Code 117

Bethesda. Md. 20084

(202) 227-1680

94




T

""" b N

H

Christoph von Braun
Systems Analyst
Dorsch Consuit gmbH
8 Munich
Elsenheimer STR. 63
West Germany

Charles D. Walker
Manager

Aerling

2408 H Street
Bedford, In. 47421
(812) 279-5685

Hepburn Walker, Jr.
Rte. 2, Box 4-B

Vero Beach, FI. 32960
(305) 567-6328

S. R. Wallin

Lt. Cdr., USN

716 Yorkshire Dr.
Virginia Beach, Va. 23452
(804) 486-3368

Mark Waters

Branch Chief, Aeronautical
Missions Branch

NASA Ames Research Center

MS-202-7

totfeit Field, Ca. 94035

1415; 964,-5886

Georqe F. Watson

Capt , USN (Ret))

Staft Member (Ret.), M.1.T. Lincoln
Laboratory

P.O. Box 1951

Litchtield Park, Ar. 85340

{602) 935-2181

A. W.Webster

Asst. to the President
Megalifter

P.O. DrawerJ
Goleta, Ca. 93017
(805) 964-8573/3773

95

Dcnald F. Werb

Serior Aerospace Design Engineer,
Air Vehicle Tech. Dept.

Neval Air Development Center

Code 305

Warminster. Pa. 18974

(215) 672-vC00, ext. 2478

P. R. Wessel

Research Physicist

Naval Ordnance Laboratory
Code 244

Silver Spring, Md. 20910
(202) 394-2259

Don West

Reporter

San Francisco Examiner
P.O. Box 3100

San Francisco, Ca. 94119
(415) 781-2424

Augie Westman
Aeronaut-in-Charge
Loon Balloon

P.O. Box 2001
Petaiuma, Ca. 94852
(707) 795-1201

Gerald B. White
18283 Douglas Ru.
South Bend, in. 46637
(219) 283-7974

Duane H. Williams

Head, Advanced Technology Division
Naval Weapons Center

China Lake, Ca. 93555

(714) 939-7208

J. C. Wiltiams

Director, Transportation Systems
Development, Research Dept

Canadian Pacific, Lta.

windsor Station. Room 36S

Montreal, Guebec

Canada

(514) 861-6811

0

s ot

e s e v - i

S N




Louis J. Williams

Aerospace Engineer

NASA Ames Research Center
MS-202-7

Moffett Field, Ca. 94035
(415) 965-5887

0. C.Winzen

President

Winzen Research, Inc.
Fleming Field

South St. Paul, Mn. 55075
(612) 455-1275

R. G. Witherow

Manager, Structures and Materials
Engineering Group

Sheldabhl, Inc.

North Highway Three

Northfieid, Mn. 55057

(507) £45-5633

Thomas Wolle

Vice President

Southern California Aviation
Council, Inc.

1195 Rancheros Rd.

Pasadena, Ca. 91103

(213) 681-6138

A. P.Wood

Head, Flight Research Laboratory
National Aeronautical Establishment
Montreal Rd.

Ottawa, Ontario

Canada

(613) 995-3071

John E. R. Wood
Aerospace Developments
19/21 Newbury C:.
London EC1

England

606-5981

Steve W. Woodcock
Operations Analy st
Stanford Research Institute
333 Ravenswood Ave.
Mento Park, Ca. 94025
(415) 226-6200

Donald E. Woodward

Senicr Engineering Specialist
GTE Syivania

922 S. Patrick St.

Alexandria, Va. 22314

(202) 325-9540

Al Worden

Lt. Col., USAF

Chief, Systems Study Division
NASA Ames Research Center
MS-202-7

Moffett Field, Ca. 94035

(415) 965-5357

|

|







